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EXECUTIVE SUMMARY

' OVERVIEW

This document presents the results of the RCRA Facility Investigation (RFI) that
was conducted at the former Ciba-Geigy Corporation facility at Cranston, Rhode
Island (the Site). The RFI involved three main studies - a physical characterization,
a release characterization, and a public health and environmental risk evaluation
(PHERE). The physical characterization was designed to evaluate the
environmental setting of the Site and involved three interrelated studies - geologic,
hydrogeologic and hydrologic. The release characterization was designed to evaluate
the impact of releases at the Site; it was organized geographically based on the three
on-site study areas (the Production Area, the Waste Water Treatment Area and the
Warwick Area), off-site areas, and the Pawtuxet River. The results of the Pawtuxet
River RFI will be addressed in a separate report that will be submitted at a latter
date. Figure ES-1 shows the locations of the Solid Waste Management Units
(SWMUs), Areas of Concern (AOCs), and Additional Areas of Investigation
(AAOIs). '

The PHERE was designed to evaluate if site-related chemical will pose an
unacceptable public health or ecological risk in the future. If the target risks for on-
site chemicals were exceeded, then Media Protection Standards (MPS) for the
chemicals were proposed.

BACKGROUND AND OBJECTIVES

Beginning in 1930, the Alrose Chemical Company manufactured chemicals at the
Site. The GEIGY Chemical Company purchased the Site in 1954 and merged with
the Ciba Corporation in 1970. The facility operated until May 1986. Throughout its
operational history, the Site was used for the manufacture of various agricultural
products, leather and textile auxiliaries, plastics additives, optical brighteners,
pharmaceuticals, and bacteriostats.

An Administrative Order of Consent (Order) requiring a RCRA Corrective Action
Study at the Site was issued to Ciba; it became effective on 16 June 1989. A RCRA
Corrective Action Study has four stages: a RCRA Facility Assessment, a RCRA
Facility Investigation, a Corrective Measures Study Proposal, and a Corrective
Measures Study Report. A RCRA Facility Assessment (RFA) was performed by the
USEPA; a Final RFA Report was issued in January 1988. The RFA determined
~ that known and/or suspected releases had occurred at the Site. A RCRA Facility
Investigation (RFI) was conducted to characterize the impact of releases that were
determined by the RFA to require further action. This report contains the results of
the RFI. The investigatory methods and results of the RFI studies, conclusions and
recommendations are summarized below. As agreed with USEPA, a Corrective
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Measures Study (CMS) Proposal is not required for this investigation. A focused
CMS will be performed as described in a letter to the USEPA dated June 30, 1995.
The CMS Report will evaluate the technologies that are proposed to meet. the MPS
The On-Site CMS Report will be submitted in September 1995. -

PHYSICAL CHARACTERIZATION

The Physical Characterization of the Site included studies of geology, hydrogeology,
and hydrology. The geologic and hydrogeologic studies are discussed here. The
hydrologic studies will be discussed in the Pawtuxet River RFI Report.

Geologic Site Model

Several investigatory methods were used to investigate the geologic characteristics of
the Site including a literature review; reconnaissance mapping; geophysical surveys;
subsurface investigations; and geotechnical samples analyses. Results from each of
these studies were used to build the geologic model of the Site (described below).

Bedrock beneath the Site consists of a medium-grained, quartz-biotite’ sandstone and
a thin bedded, slightly phyllitic shale of the Rhode Island Formation. The depth to
bedrock beneath the Site varies from approximately 30 to 90 feet below ground
surface.

Bedrock is overlain by unconsolidated deposits. From ground surface to the top of
bedrock these include an Upper Sand/Fill unit; a Silt unit; a Gravelly Sand unit; a
Fine Sand unit; and a Glacial Till unit. The thicknesses and extents of these units
vary across the Site. In the Production Area, approximately 50 to 60 feet of
overburden deposits overlie bedrock. The upper unit in the Production Area is
mostly fill - typically concrete rubble in a sandy matrix. The Silt unit underlies most
of the Production Area, but is replaced in one area by the Gravelly Sand unit. The
Gravelly Sand unit occurs only in the Production Area and is up to 25 feet thick.
The Fine Sand and Glacial Till units appear to be continuous beneath the
Production Area.

Most of the Waste Water Treatment Area is also underlain by the typical
stratigraphic sequence. However, the Glacial Till unit is not present at the eastern
end of the area.

Most of the Warwick Area is underlain by the typical stratigraphic sequence
consisting of an Upper Sand/Fill unit, Silt unit, Fine Sand unit, and Glacial Till over
bedrock. The Glacial Till is found only in the western portion of the Warwick Area,
and along the river.
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Hydrogeologic Model

Investigatory methods used to investigate the hydrogeologic characteristics of the Site
included a literature review, installing wells and piezometers, monitoring water
levels, determining hydrochemisty, performing grain size analyses, and conducting
aquifer permeability testing. Results from each of these studies were used to build
the hydrogeologic model of the Site described below.

Groundwater that is present in the various overburden units beneath the Site is
interconnected. The Silt unit acts to semi-confine the underlying Fine Sand unit.
The amount of confining pressure present depends on the thickness and composition
of the Silt unit. Hydraulic gradients between the shallow and deep overburden are
predominantly upward, with the exception of wells near the bulkhead in the
Production Area. The overburden units are hydraulically connected to the Pawtuxet
River. In each area of the Site, groundwater in the shallow and deep overburden
flows toward the River. Bedrock is semi-confined or confined and is not believed to
be hydraulically connected to either the overburden units or the Pawtuxet River.

Groundwater discharges into the Pawtuxet River at estimated rates of 15,000 ft’/day
each in the Production and Waste Water Treatment Areas, and 45,000 ft’/day in the
Warwick Area. Groundwater flow velocities range from 6 to 28 feet/day in the
Upper Sand/Fill and Gravelly Sand units and 0.6 to 38 feet/day in the Fine Sand
unit. -

SOURCE CHARACTERIZATION

The Order requires that Solid Waste Management Units (SWMUs) and Areas of
Concern (AOCs) and the waste placed in them be characterized. Because buildings
were razed and wastes were removed when the plant was decommissioned, wastes
were not available to be characterized (except SWMU-6, the zinc/oxide pile).
Therefore, the source characterization is based on historical information. Potential
sources identified at the Site are shown on Figure 1-1, and described below.

PRODUCTION AREA

SWMU-2 - a 6,000 galion above ground tank used to store hazardous liquid
waste containing acetone, toluene, monochlorobenzene, ethanol, isopropanol,
naphthalite, xylene, heptane, and methanol. This tank had secondary
containment. Wastes were pumped from the tank into railroad tank cars. No
releases from this tank were known or suspected.

SWMU-3 - a 7,500 galion above ground tank used to store flammable waste

liquids. This tank had secondary containment. Wastes were pumped from
the tank into railroad tank cars. No releases from this tank were known or
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suspected.

SWMU-4 - a trash compactor station where packaging material, waste paper,
and washed fiber drums were handled. 'Compacted miaterials were taken to a
sanitary landfill or incinerated. There were no known or suspected releases

from this SWMU. Investigation of this SWMU is not required by the Order.

SWMU-7 - an area where approximately 500 gallons of chlorosulfonic acid
were spilled from a tanker truck. Soils in the release area were neutralized
and excavated. The neutralizing agent used and the amount of soil removed
is not known.

SWMU-8 - it is believed (but not documented) that potassium ferrocyanide
(Prussian Blue) was spilled in this area. At least 300 cubic yards of blue
stained soil were removed from this area.

SWMU-11 - a subsurface sump beneath Building 11 from which waste water
containing toluene was released.

AOC-13 - the portion (south end) of the Production Area where most of the
manufacturing took place. Because little is known about early operations at
the Site, this main manufacturing area was considered an Area of Concern.

AOC-14 - 23 acres of land west of the Production Area purchased, but not
used by Ciba. Because there are no known or suspected releases from this
area, investigation of AOC-14 was not required by the Order.

AAOQI-15 - a waste water sump in the laboratory building at the north end of
the Production Area. There are no known spills or suspected releases from
this sump. '

WASTE WATER TREATMENT AREA

‘SWMU-10 - 50,000 gallons of waste water escaped from a break in an
underground pipeline in the wastewater treatment plant. The water reached
the surface, flowed around an equalization tank, into a pond, and into the
Pawtuxet River. -

SWMU-12 - a biological waste water treatment plant which operated from
1975 to 1986 when the plant closed. While in operation, occasional sump
overflow from trickling towers occurred. These waste waters would have
contained volatile and semi-volatile organic compounds. Other discharges
resulted in NPDES permit exceedances for zinc, BOD, and phenols. In some
instances, compounds not authorized under the permit, such as chloroform,
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were released.
WARWICK AREA

SWMU-1 - a hazardous waste storage area used to store drums of hazardous
'waste. - There are no known releases from this area, and it was deemed to be
in good physical condition at the time it was closed. Therefore, investigation
of this unit was not required by the Order.

SWMU-5 - dredged river sediment storage area. This area was used to
dewater 6,630 cubic yards of sediment removed from the cofferdam/waste
water outfall in the river, adjacent to the Production Area. thtle is known
about the shape and exact location of this area.

SWMU-6 - a soil pile containing residues of zinc oxide from a broken rail car
spill. This material is not a RCRA-regulated waste, and therefore, was not
characterized as part of this source characterization.

-SWMU-9 - 24,000 gallons of waste water was released from a pipeline break.
This water is believed to have contained halogenated and non-halogenated
solvents and other organic compounds.

SWMU-16 - a maintenance department cleaning area where rinse water was
probably allowed to drain to a nearby surface water catch basin. This area
was originally designated as an Area of Additional Investigation (AAOI) by
"Ciba. Phase I sampling results indicated that some contaminants were
present in shallow groundwater in this area. As a result, this AAOI was
reclassified as a SWMU. '

RELEASE CHARACTERIZATION

Environmental media were sampled from SWMUs, AOCs and AAOIs, and from off-
site areas. Samples were analyzed for Appendix IX compounds to determine if the
media had been affected by previous Site operations. The results of these analyses
are summarized below. :

Groundwater Contamination

Background Groundwater - Low levels of volatile organic compounds (generally less
than 50 ppb) were detected in shallow groundwater at off-site and on-site
background locations. Pesticides, dioxins and furans were detected sporadically in
shallow groundwater at background locations. Groundwater in bedrock at the off-
site background location sampled was essentially free of contaminants. '
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Production Area Groundwater - Groundwater contamination is largely limited to
shallow groundwater in the former process building area (AOC-13). The primary
contributors to contamination are toluene, xylenes, ethylbenzene, and chlorobenzene.
Groundwater in deeper portions of the overburden contains little contamination.
Elevated levels of total nickel were detected in shallow and deep overburden wells
along the bulkhead. Groundwater in bedrock is essentially free of contaminants.
Free phase toluene was identified in the Production Area. Dowtherm - a non-
floating phase - was also identified.

Waste Water Treatment Area Groundwater - Low levels of groundwater
contaminants were detected in shallow and deep overburden wells. The primary
contributors to contamination are halogenated VOCs. -Phenols were also detected in
shallow wells. Samples from the bedrock well were essentially uncontaminated.

Warwick Area Groundwater - VOCs and SVOCs appear to be limited to the shallow
groundwater beneath SWMU-5, and their concentrations are generally low. SVOCs
are also present in the bedrock aquifer beneath SWMU-5. The specific SVOCs
detected in the shallow groundwater are not the same as those detected in the
bedrock aquifer suggesting that there is no relation between sources of contaminants
in the overburden aquifer and the bedrock aquifer.

Low levels (less than 35 ppb) of 1,1,1-trichloroethane were detected in shallow
groundwater in the area of SWMU-16. 1,1,1-Trichloroethane concentrations
decreased by an order of magnitude between January and September 1991, and were
not detectable in 1993.

Elevated levels of total and dissolved beryllium, cadmium, chromium and zinc were
detected in SWMU-5. Elevated levels of total and dissolved zinc and total
chromium were detected in SWMU-16.

Soil Contamination

Background/Off-site -Soil Contamination - Contaminants detected in background/off-
site soil samples are typical of urban locations. All of the samples contained PAHs
which are components of petroleum products such as fuels and lubricants, products
of combustion, and also occur naturally. Many of the samples contained toluene
which is also a component of fuels. Low levels of pesticides, herbicides, chlorinated
dioxins, and metals were also detected in background/off-site soil samples.

Production Area Soil Contamination - Shallow soil contamination in the Production
Area is largely limited to PCBs, xylenes, and toluene in the process building area.
The highest concentrations of PCBs were found near the southern end of the process
building area. The highest concentrations of VOCs in shallow soil samples were in
the area of SWMU-8. Deep soil in the process building area contained
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ethylbenzene, xylenes and toluene. The highest concentrations of VOCs in deep soil
samples were detected in the area of SWMU-11. :

Toluene, chlorobenzene, ethylbenzene and xylénes were detected in soil gas samples
from the process building area. The highest concentrations were detected in the
area of SWMU-11. There are good correlations between high concentrations of
toluene in soil samples from the area of SWMU-11 with high concentrations of
toluene in soil gas results as well as between detections of high concentrations of
total xylenes in soil samples from SWMUs -3, -7, -8, and -11 with high concentrations
of xylenes in soil gas results. However, chlorobenzene in soil samples versus
chlorobenzene in soil gas did not correlate well.

Elevated levels of nickel were detected in shallow soils, especially along Mill Street
in AOC-13. Elevated concentrations of nickel were detected in deep soils, especially
in SWMU-2 and SWMU-8.

Waste Water Treatment Area Soil Contamination - VOCs, SVOCs, and
tetrachlorodibenzofuran were detected in nearly all of the soil samples. Toluene, m-
& p-xylene, and chlorobenzene were detected in concentrations of 13 ppm or less.
SVOCs were detected in concentrations below 10 ppm. Fingerprint compounds (see
- Section 4.2.1.2)were detected in concentrations up to 340 ppm.
Tetrachlorodibenzofuran was detected in concentrations up to 8.9 ppb.

Warwick Area Soil Contamination - Contaminated soil in the Warwick Area is
largely confined to soils in SWMU-5. Methoxychlor and PCBs were prevalent at
relatively high concentrations in SWMU-5 shallow soil samples. One. deep soil
sample from SWMU-5 contained elevated levels of chlorobenzene and toluene.
Bis(2-ethylhexyl)phthalate was detected in elevated concentrations in both shallow
and deep soil samples. Soil gas in the area of SWMU-16 contained 1,1,1-
trichloroethane. Elevated levels of beryllium, cadmium, chromium, zinc and
antimony were detected in Warwick Area soils. The highest concentrations of these
analytes were detected in SMWU-5.

On-site Surface Water and Sediment Contamination

Surface water in the Wastewater Treatment Area wetland area is essentially
uncontaminated. The Wastewater Treatment Area sediment contains low levels of
. the types of analytes seen in Site surface soils. VOCs were detected in
concentrations below 0.2 ppm. PAHs were detected in concentrations below 6 ppm.
Pesticides were detected in concentration below 0.6 ppm. 2,3,7,8
tetrachlorodibenzofuran was detected in concentrations below 0.05 ppb. In general,
the sediment does not appear to be substantially impacted by Site activities.
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Contaminant Fate and Transport

The assessment of the fate and transport of the chemicals of concern at the site
indicate that VOCs have the highest mobility of the chemical groups identified.
Therefore, these chemicals have the highest potential to migrate to the groundwater
and discharge to the Pawtuxet River. Chemicals present in the groundwater in the
Waste Water Treatment Area and the Warwick Area were present in groundwater in
the shallow overburden and not in the deep overburden. VOCs were present
groundwater in both the shallow and deep overburden in the Production Area.

VOCs present in the deep overburden in the Production Area are the result of
downward vertical groundwater gradients as well as the presence of the Sand/Gravel
unit which connects the shallow and deep overburden.

Most SVOCs, PCBs, pesticides, herbicides, and dioxins/furans are present
predominantly in the soils due to their strongly hydrophobic nature. Therefore,
these chemicals are not expected to leach appreciably from the soils. Naphthalene,
aniline, and benzyl alcohol, have high mobilities relative to the other SVOCs and
may migrate with groundwater and ultimately discharge to the Pawtuxet River.

PUBLIC HEALTH AND ECOLOGICAL RISK EVALUATION

A Public Health and Environmental Risk Evaluation (PHERE) was prepared as part
of the RFI, as required in the Order. It separately evaluates the potential human
health and ecological risks associated with the Production, Waste Water Treatment,
and Warwick Areas. It is consistent with the approach outlined in the USEPA’s
primary risk assessment guidance documents. The PHERE approach and values for
exposure assumptions reflect discussions held with the Region I during several
meetings and teleconferences, beginning with the May 17, 1994, meeting with Ciba at
the Region I offices. The PHERE is presented in two parts; the public health risk
assessment (PHRA) and the ecological risk assessment. The PHERE is a
quantitative baseline study which assumes the property will be used without
modification regardless of the practicality of this assumption. The risk reduction
effectiveness of IRMs conducted in the Production and Warwick Areas is addressed
qualitatively. '

The purpose of the PHERE is threefold:

' Provide estimates of potential risks posed by site-related chemicals in the
Production, Waste Water Treatment, and Warwick Areas of the Site using the
conservative guidance specified by Region I.

¢ Identify the site areas and chemicals that might require corrective action using this
risk assessment approach.

¢ Provide site-specific risk assessment models for human and ecological health to be
used in developing risk-based Media Protection Standards (MPS) for soil, if needed.
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Public Health Risk Assessment

The PHRA is designed to provide a conservative, quantitative estimate of potential risks
~associated with residual site-related chemicals in the Production, Waste' Waier Treatment, and
Warwick Areas. It is based on analytical results from soil and groundwater samples collected
during Phase I and II of the RFI field activities. It was performed by identifying chemicals of
potential concern (COPCs) and carrying them through the risk assessment process. The
COPCs were determined based on their toxicities, frequencies of detection, concentrations in
site soil, and, for inorganics and polycyclic aromatic hydrocarbons (PAHSs), comparison to
background concentrations.

Regarding potential future land use, unrestricted residential use was assumed for the Warwick
Area and Waste Water Treatment Areas. Based on a proposal to use the Production Area as a
truck parking and equipment storage facility, the PHRA reflects an on-site worker scenario for
this area. The PHRA also considered the potential human health effects associated with the

- migration of site-related chemicals, via groundwater, to the Pawtuxet River. Therefore,
potential exposure to a canoeist is estimated for each of the three site areas.

Results of the PHRA are expressed in terms of potential noncancer health effects and potential
cancer risks which are summarized in Figures ES-2, ES-3, ES-4, and ES-5. The total hazard

- index (THI) represents the overall estimated noncancer risks for a given exposure scenario.

The potential noncancer risk represented by the THI is considered of no significance if it is
equal to or below a value of 1, and is a potential concern if it is greater than a value of 1
(rounded to a whole number). The potential cancer risk posed is expressed in terms of an
incremental lifetime cancer risk (ILCR). The ILCR is an increased probability of cancer above
that which exists as “background” (3 out of 10 people) for the general population. The
USEPA regards an ILCR of between 1 x 10 (1 in 1,000,000) and 1 x 10* (1 in 10,000) as
acceptable. Thus, this may be interpreted as an increase in the United States baseline cancer
incidence from 300,000 per million population to a range of 300,001 to 300,100 per million
population. If the ILCR exceeds the upper bound of the target risk range (1 x 10*), then
further evaluation or corrective action may be indicated.

As shown in Figures ES-2 and ES-3, neither the Production nor the Waste Water Treatment
Area is predicted to pose an unacceptable potential risk. The potential total ILCR and total
PCB ILCR slightly exceed the target risk range for the hypothetical resident in the Warwick
Area (Figure ES-4), but only because the PCBs are totaled and treated as if they were the
carcinogenic PCB 1260. No PCB 1260 was found in the Warwick Area or the Waste Water
Treatment Area. The risk numbers presented are highly conservative and may exaggerate
actual risks due to a number of factors. For example, the sampling approach was biased in
that the field investigation targeted highly localized areas of-suspected contamination.
Additionally, at Region I's request, the total PCB carcinogenic risk is based on the assumption
that all PCBs, including those that are noncarcinogenic (e.g. PCB 1248 and 1254) have a

* cancer potency factor equal to PCB 1260. The potential human health risks associated with the
canoeist scenario on the adjacent river are estimated to be nonexistent, with ILCR values less
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than 3 X 10® and THI values less than 0.003 in each of the three Site areas (Figure ES-5).

Even with the high degree of conservatism, the PHRA showed that corrective actions are not
necessary for the three site areas solely on the basis of potential risk to public health, with the
- possible exception of the Warwick Area. However, Ciba volunteered to conduct some limited
remediation in the Production Area and the Warwick Area to facilitate their productive use.
Based on the concentration and frequency of detection in surface soil (the predominant
exposure source), it was determined that PCB hot-spot removal in the Production and Warwick
Areas would be an effective corrective measure to facilitate their productive use. Interim
Remedial Measures (IRMs) were planned and are in progress as of submission of this
document to Region I.

Ecological Risk Assessment

This ecological risk assessment utilizes the risk assessment process as defined by the
Framework for Ecological Risk Assessment (USEPA, 1992). The objective of this
ecological risk assessment is to evaluate potential risks posed to terrestrial receptors by
COPCs contained in surface soils (0-2 feet) at the Production and Warwick Areas, and
surface soils and seep sediments at the Waste Water Treatment Area.

A terrestrial/riparian reconnaissance survey was conducted at the Site in March, 1992. The
terrestrial survey identified twenty-eight species of upland plants and twenty-six species of
riparian/wetland plants at and near the Site. Twenty-six species of birds were identified,
including: the great blue heron, mallard duck, and red-tailed hawk. Five mammal species
were identified, including the Eastern gray squirrel and the raccoon. A seep area was
electroshocked, but no fish were observed. Tadpoles were present in the seep.

Potential exposure pathways for plants and animals include:

uptake through roots in contact with surface soils,

foliar uptake of volatilized contaminants,

consumption (incidental ingestion) of surface soils,

dermal uptake, and _

ingestion of contaminants which have bioaccumulated into forage or prey items.

The ecological risk assessment is presented in three steps:

Step I--Problem Formulation

Problem formulation is a process Wthh determines the feasibility, scope, and objective of
the assessment. This step identifies the COPCs, the organisms which are representative of
the site, the models to be used to determine potential dose from COPCs, and appropriate
assessment and measurement endpoints.

Chemical analysis of the surface soils and the toxicity- background concentration screening
process resulted in identification of the following:
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Inorganic COPCs Organic COPCs

Production Area 11 41
Warwick Area 14 62
"Waste Water Treatment Area- - 11 ' 53
Seep in the Waste Water 11 32

Treatment Area

Representative species were chosen to represent the major trophic levels: a small
omnivorous mammal (deer mouse, Peromyscus sp.), a large terrestrial omnivore (raccoon,
Procyon lotor), an aquatic carnivorous bird (great blue heron, Ardea herodias) and a
carnivorous bird and protected species (red-tailed hawk, Buteo jamaicensis). The site,
although highly disturbed, has habitat that could be used by each of these organisms. The
great blue heron would only possibly use the groundwater seep in the Waste Water
Treatment Area. Measurement endpoints for the organisms were chosen as the no-
observable-adverse-effect level (NOAEL) for each COPC.

Step II-Exposure Characterization ,

Models of exposure pathways were developed to estimate daily dose to the representative
“organisms. These models include direct exposure, as well as bioaccumulation through the

food chain. '

Step IlI--Risk Characterization

The risk characterization step quantifies the likelihood of COPCs to cause adverse effects.
The toxicity reference values (TRVs), which are equivalent to the NOAELSs, are compared
to predicted daily doses consumed by each representative species. A toxicity quotient (TQ)
is developed that indicates the potential for adverse effects. Assumptions, strengths,
weaknesses, and uncertainties of the analyses are discussed as well as potential ecological
significance of any effects.

A COPC is judged to have potential for adverse effects if the TQ is greater than zero. All.
calculated TQs for representative species were less than zero.

Potential cumulative effects were also estimated by calculating an ecological toxicity index
(ETI). Index values below one indicate no potential for adverse effect, values between one
and ten have some possibility for effect, and probable adverse impact occurs when the ETI
exceeds 10.0. The ETI was greater than 1.0 (1.36) only for the deer mouse in the Waste
Water Treatment Area. The ETI was below one for all other species in the three Areas.

Potential risk from COPCs in the three areas at the site is small. The TQ for any single

chemical is below zero, indicating no potential for adverse effects. Therefore, the ETI
indicates no significant risks are expected to the representative species.
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Future risk due to changes in site characteristics will be even less than current risk. For
example, soils in SWMU-5 and SWMU-6 in the Warwick Area will be removed during the
IRM activities. These soils contained the majority of the contamination in this Area.
Removal of PCB-contaminated soil and backfilling the entire area eliminates any pathway
for risk to terrestrial receptors. Therefore, the Site poses even less an ecological risk than
portrayed in this baseline assessment.

Media Protection Standards

The public health and environmental risk assessment showed that corrective actions are
unnecessary for the three terrestrial Site areas, with the possible exception of the Warwick
Area. The PHERE corroborates that the voluntary PCB hot-spot removals begun during
the IRMs in the Production and Warwick Areas are more than sufficient to return the Site
to productive uses without unacceptable risks to public health and the environment.

The public health risk assessment models for the scenarios evaluated were used to estimate
risk-based MPS values for total PCBs in the hot spots targeted for remediation in the IRMs.
These MPSs were developed solely for the purposes of the IRMs, and not because of any
overriding potential public health or ecological health risks. Using a THI value of 1, MPSs
were back-calculated through the risk assessment model to the respective surface soil
concentrations. The resulting total PCB MPSs are 50 ppm for the Production Area and §
ppm for the Warwick Area.

CONCLUSIONS
Based on the findings of this RFI, the following is concluded:
* On-site contaminated groundwater beneath the Site does not pose an unacceptable
~ risk to human health or the environment. Potential risks posed by groundwater
to human and ecological receptors in the Pawtuxet River will be addressed in a

separate report.

. ® Contaminants in Site soils do not pose an unacceptable risk to human health or
the environment.

e Contaminants in on-site surface water and sediment do not pose an unacceptable
risk to human health or the environment.
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a. All hazards are summed regardless of target organ. Refer to Section 6.4.3.2 and Appendix 6-G.
b. According to USEPA policy, all PCBs were totaled, even though only PCB 1260 is carcinogenic.

¢. Rounded to one significant figure, as described in the Human Health Evaluation Manual (USEPA, 1989),
making total risk slightly lower than that for total PCBs.

Figure ES-2. Risk Summary for Production Area On-Site Worker Scenario
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1.0
INTRODUCTION

This RCRA Facility Investigation Report presents the results of the On-site RCRA
Facility Investigation (RFI) at the CIBA-GEIGY Corporation facility (the Site) at
Cranston, Rhode Island. This chapter reviews the history of the project and the Site
(Section 1.2), presents the objectives of the RFI (Section 1.3), and provides the
organization of the rest of this document (Section 1.4). Table 1-1 provides a summary of
deliverables submitted to USEPA throughout this project.

1.2 BACKGROUND
This section describes:
e the project history;
¢ the Site history; and
¢ the solid waste management units (SWMUs), areas of concern (AOCs), and

additional areas of investigation (AAOIs) at the Site.

Detailed information on each of these topics was presented in Chapter 1 of the Current
Assessment Summary Report.

1.2.1 Project History

A draft Administrative Order of Consent (Order) requiring a RCRA Corrective Action
Study at the facility was issued to CIBA-GEIGY on 30 September 1988. After
negotiations and evaluation of public comments, the Order was signed by CIBA-GEIGY
on 9 June 1989 and became effective on 16 June 1989. A RCRA Corrective Action
Study has four stages. The chronology of project activities associated with each of these
stages is outlined below.

Stage 1: RCRA Facility Assessment. In 1987, the U.S. Environmental Protection
Agency (USEPA) conducted a RCRA Facility Assessment (RFA) to identify known

- and/or suspected releases at the Site. The results were presented in the Final RFA
Report. CIBA-GEIGY RCRA Facility Assessment (January 1988). In 1988,
CIBA-GEIGY conducted a Preliminary Investigation (not required by the Order) to begin
characterizing the Site and selected releases. The results of the Preliminary Investigation
were summarized in Chapter 1 of the Current Assessment Summary Report.
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Stage 2: RCRA Facility Investigation. The RCRA Facility Investigation (hereafter
simply called the RFI) was conducted to characterize the impact of known and/or

-suspected. releases .that were determined by the RFA to require further action. The RFI
was conducted in two phases; CIBA-GEIGY proposed that Phase I be conducted in two
parts -- Phases IA and IB -- to obtain additional guidance from the USEPA throughout
the project. Phase IA was conducted in late 1989 and mid-1990 to characterize the Site’s
physical environment more completely; the results of the Phase IA studies were presented
in the Phase IA Report (approved in June 1991). Phase IB was conducted in late 1990 and
early 1991; it characterized known and/or suspected releases at the Site more completely
and also provided additional information about the Site’s physical environment. In Phase
IB, two rounds of sampling were performed. Sampling and analysis of the media of
concern included soil, groundwater, sediment, and surface water. The results of both
Phase IA and Phase IB were presented in the Phase I Interim Report. Phase II began after
the USEPA approved the Phase I Interim Report and Phase II Proposal. In Phase II, an
additional two rounds of sampling was performed. Work completed during Phase II
included: additional Site characterization studies, refinement of the conceptual Site model,
conducting additional sampling, performing the public health and environmental risk
evaluation, and developing the Media Protection Standards.

Stage 3: Corrective Measures Study Proposal. The Corrective Measures Study (CMS)
Proposal describes the measures available to achieve the Media Protection Standards at
the Site. A CMS Proposal will not be submitted for this project. As agreed with
USEPA, a combined deliverable consisting of the RFI Report, the Media Protection
Standards (MPS) Proposal, and the CMS Report would be submitted together in
September 1995. Ciba has elected to submit the On-site RFI Report and the MPS
Proposal ahead of schedule. The CMS Report will be submitted in September 1995.

Stage 4: Corrective Measures Study Report. The Corrective Measures Study (CMS)
Report evaluates the measures available to achieve the Media Protection Standards at the
Site. Work on the CMS Report is in progress. This deliverable will be submitted to
USEPA in September 1995 as planned.

In addition to these four stages of the RCRA Corrective Action Study, stabilization and
Interim Remedial Measures also have been implemented at the Site.

Stabilization Investigation

The stabilization investigation was integrated into the RCRA Facility Investigation (RFI)
through a Modification of the Order executed on 28 September 1992. The Stabilization
Work Plan was submitted to the USEPA in September 1992; conditional approval of the
Work Plan was granted on 21 December 1992. The Stabilization Investigation Report
and Design Concepts Proposal was submitted to the USEPA in May 1993. The Draft
Stabilization Design Documents were submitted to the USEPA in November 1993. The
Final Stabilization Design Documents were submitted to the USEPA in June 1994 and
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approved on September 27, 1994. These final design documents were revised and
resubmitted on January 30, 1995 because of changes to the groundwater pretreatment
SYSIeM. . e — ol L o

Interim Remedial Measures

Interim Remedial Measures (IRMs ) are being implemented at the Site. An IRM Work

Plan for excavating and disposing of PCB-contaminated soil was submitted to USEPA on

March 13, 1995. This Work Plan included a risk assessment which proposed IRM

cleanup levels for the Production Area and for the Warwick Area (SWMU-5 and SWMU-

6). It was implemented in late June and July 1995, and the results will be included in the
Site CMS.

An IRM Work Plan for dredging sediments in the former Cofferdam Area was prepared
and submitted to RIDEM and USEPA on April 28, 1995 for review and comment. This
Work Plan addressed permitting, objectives, approach, and project management issues.
The IRM is scheduled for implementation from September through the fourth quarter of
1995.

1.2.2 Site History

Beginning in 1930, the Alrose Chemical Company manufactured chemicals at the Site.
The GEIGY Chemical Company of New York purchased the Site in 1954 and merged
with the Ciba Corporation in 1970, thereafter, the Site was used for batch manufacturing
of organic chemicals. Over time, the following major product categories were
manufactured:

¢ 1950s--agricultural products, as well as leather and textile auxiliaries;

e 1960s--plastics additives, optical brighteners, pharmaceuticals, and textile
auxiliaries;

¢ 1970s--agricultural products, plastics additives, pharmaceutlcals textile
auxiliaries, and bacteriostats; and

e 1980s--plastics additives and pharmaceuticals.

By May 1986, CIBA-GEIGY had ceased all chemical manufacturing operations at the Site
and had begun decommissioning and razing the plant. The Site has been divided into
three study areas: the Production Area, the Warwick Area, and the Waste Water
Treatment Area. The boundaries of these three areas are shown in Figure 1-1.
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1.2.3 SWMUs, AOCs, and AAOIs

- -Twelve solid waste management units (SWMUs).and two areas of concern (AOCs) were_ .. . .. . ..

identified in the Order. For completeness of the study, CIBA-GEIGY identified two
additional areas of investigation (AAOIs). Information about these SWMUs, AOCs, and
AAOIs is summarized in Table 1-2; their locations and the Media of Concern sampled in
each are shown in Figure 1-1. Additional details about these SWMUS, AOCs, and
AAOIs (and on past known and/or suspected releases) are presented in Chapter 3.

1.3 OBJECTIVES OF THE RCRA FACILITY INVESTIGATION

The RFI has been divided into five main tasks: physical characterization, source
characterization, release characterization, public health and environmental risk evaluation
(PHERE), and developing media protection standards. The release characterization has
been subdivided into two tasks: the contamination characterization and contamination
assessment. The objectives of these tasks are described briefly below.

1.3.1 Physical Characterization

The objective of the physical characterization of the Site was to characterize the
lithology, stratigraphy, hydrogeology and hydrology of the Site. Mobilization for the
Phase IA physical characterization began in early 1990; field studies began in mid-1990
and were completed by Autumn 1990. Mobilization for the Phase IB physical
characterization began in Autumn 1990; field studies began in late 1990 and were
completed by mid-1991. Phase II physical characterization field studies began in Spring
1992 and were completed by mid-1994. The results of the Phase IA physical
characterization were presented in the Phase IA Report. Updated findings based on Phase
IB results were presented in Chapters 2 through 5 of the Phase I Interim Report.
Additional data obtained from the Phase II investigation were used to further refine the
conceptual Site model (presented in Chapter 2 of this report).

1.3.2 Source Characterizétion

The objective of the source characterization was to characterize SWMUs, AOCs, and
AAOIs and the wastes contained at these locations. Except for the zinc oxide/soil pile
(SWMU-6), wastes were no longer present at the Site at the time of the RFI. Therefore,
wastes could not be characterized, and source characterization was limited to SWMU,
AOC, and AAOI characterization. Results of the source characterization are summarized
in Chapter 3 of this report.
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1.3.3 Release Characterization

The release characterization consisted of -two parts - the contamination.characterization .
and the contamination assessment.

Contamination Characterization

The objective of the contamination characterization of the Site was to define the nature
and extent of contamination resulting from releases at the Site. Mobilization for the

- Phase I contamination characterization began in late 1990; field studies began in late 1990
and were completed by mid-1991. The Phase II release characterization sampling program
is summarized in Table 1-3. Mobilization for the Phase II release characterization began
in early 1992; field studies began in Spring 1992 and were completed by mid-1994. The
results of the Phase I contamination characterization were presented in Chapters 6
through 9 of the Phase I Interim Report. Updated findings which also include the Phase
II results are presented in Chapter 4 of this report. :

Contamination Assessment

The objective of the contamination assessment was to model the transport mechanisms
and the fate of contaminants identified in the contamination characterization. Fate and
transport modeling was begun after the final site analytical data was validated. The
results of the contamination assessment are contained in Chapter 5 of this report.

1.3.4 Public Health and Environmental Risk Evaluation

The objective of the Public Health and Environmental Risk Evaluation (PHERE) was to
‘evaluate the potential human health and ecological risks associated with potential exposure
to hazardous waste and/or hazardous constituents possibly released from the SWMUs and
AOQOC:s at the Site.- The PHERE was begun after the final Site analytical data was
validated. The PHERE is presented in Chapter 6.

1.3.5 Media Protection Standards

The objective of Media Protection Standards (MPS) is to provide residual, site-related
‘chemical concentrations that are estimated to pose no unacceptable risks to public health
or the environment. MPSs are developed only for those chemicals that are predicted in
the PHERE to pose unacceptable risks. Soil is the media of primary focus in this RFI
report, but groundwater, on-site surface water, and on-site sediment are also addressed.
The MPSs are presented in Chapter 6.
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1.4 REPORT ORGANIZATION

This report is divided into three volumes. Volume 1 contains the Executive. Summary
and Chapters 1 through 7. Volume 2 contains References cited in Volume 1 and
Appendices for Chapters 1 through 5. Volume 3 contains the PHERE.

Volume 1 (Chapters 1 through 7) - This chapter presented an introduction which included
an overview of the project history, the Site history, and the RCRA Facility Investigation
(RFI). Chapter 2 presents the results of the physical characterization of the Site.

Chapter 3 presents the results of the source characterization which was performed early
in the RFI process. Chapter 4 presents the results of the characterization of
contamination in groundwater, soil, on-site. sediment, and on-site surface water. Chapter
5 presents an assessment of the fate and transport of contaminants. Chapter 6 presents
the results of the PHERE and also includes Media Protection Standards. Chapter 7
presents a summary of the results of the RFI and conclusions based on these resuits.

Volume 2 - This volume contains References cited in Volume 1 and Appendices for
Chapters 1 through 5.

Volume 3 - This volume presents the results of the Public Health and Environmental Risk
Evaluation (PHERE) as a stand alone document including Media Protection Standards,
references, and appendices. -
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Table 1-1
Former CIBA Site - Cranston, Rhode Island
Project Deliverables Submitted to USEPA

Document Title: _ Submittal Date:
Final RCRA Facility Assessment Report (Prepared by Othéfs) | Jaﬁuar&r 1988
RCRA Facility Investigation Proposal, Volumes 1 & 2 March 1990

RCRA Facility Investigation Phase IA Report, Volumes 1 & 2

October 1990

RCRA Facility Investigation Interim Report, Volumes 1, 2, & 3

November 1991

RCRA Facility Investigation Interim Report January 1992
Phase II Pawtuxet River Proposal

Quality Assurance Documents: Supplements January 1992
Health and Safety Plan, Phase I RCRA Facility Investigation _April 1992
Stabilization Work Plan August 1992
Draft Stabilization Investigation Report and Design Concepts Proposal | April 1993
Stabilization Investigation Report and Design Concepts Proposal May 1993
Final Stabilization Design Documents, Volumes 1 through 4 June 1994
Reﬁsed Final Stabilization Design Documents, Volumes 1 thfough 4 January 1995
On-Site Interim Remedial Measures Work Plan March 1995
On-Site Interim Reniedial Measures Draft Contract Documents April 1995
Pawtuxet River Conceptual Design Work Plan May 1995
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Table 1-2 _
SWMUs, AOCs, and AAOIs

Number
SWMU-1

SWMU-2

SWMU-3

SWMU-4

SWMU-5

SWMU-6

SWMU-7

SWMU-8

SWMU-9

Name _

Hazardous Waste Storage Area

6000-Gallon Hazardous
Waste Storage Tank

7500-Gallon 90-Day
Storage Tank

Trash Compactor Station

River Sediment Storage Area

Zinc Oxide/Soil Storage Pike

Chiorosulfonic Acid Release Area

Prussian Blue Release Area

Waste Waler Pipeline Break —

- Warwick Area

SWMU-10

SWMU-11

Waste Water Pipeline Break —
Waste Water Treatment Area

Toluene Waste Water
Reloase Amsa

Active
Study Area ___Dates
Warwick 1981 to 1986

Production 198110 1986

Production 1985 to 1986

Production 1972 10 1986

Warwick 197110 1976

Warwick Late 1960s
to present

Production 1961

Production 1956

Warwick 12 Jan. 1982

Waste Water 7 Sept. 1983
Treatment :

Production 1983

Description

SWMU-1 was designed for a maximum capacity of 768 55-gallon drums,
Typically, it stored 300 10 400 drums containing various wastes

including flammable fiquids and solids, corrasive liquids and solids,
ofganic mixtures and sofids, non-hazardous organic mixtures, and
chloroform, The area was about 42 by 58 feel, and was asphatt-lined,
diked, and surrounded by a 6-foot chaindink fenca. The dike was capable
of holding 48,000 gallons.

SWMU-2 was a carbon steel tank used to store process wastes
containing acetone, toluene, monochlorobenzene, isapropanol, naptha,
xylene, heptane, methanol, and water. The tank was 17 feet high, 8 feet in
diameter, and was enclosed by an 8000-gallon capacity dike (14.5 by 19
by 4 feet).

SWMU-3 was a vertical above-ground tank used to store flammable
liquids for periods of less than 90 days. The stainless steel fank was 17
feet high, 8.5 feet in diameter, and was enclosed by a 25,000-gallon dike
(about 28 by 29 by 4 feet).

SWMU-4 had two trash compactors (30- and 55-cubic yard capacity)
and only handled packaging material, paper wastes, and washed fiber
drums. The trash compactor station (21 by 36 feet) was concrete-lined
and drained to the Waste Water Treatment Plant,

SWMU-5 contained about 6530 cubic yards of sediment that had been

dredged from the Pawtuxet River as part of removing the original
colferdammwaste water outfall. The sediment was removed from the site
in 1976; the area's natural grade was restored in 1977.

SWMU-6 has about 25 cubic yards of soil containing about 10% zin¢
oxide residue; the residue resulied from a broken railcar. The soil pile is
about 50 by 7 by 2 feet.

SWMU-7 is an area about 10 by 20 feet at which about 500 gafions of
chiorosulfonic acid were relsased.

SWMU-8 is where about 300 cubic yards of blue-stained soil (believed
to be stained by the release of an unknown quantity of Prussian Blue)
were excavated and removed.

SWMU-9 is where a break in the main raw waste transfer line resulted in
the discharge of about 24,000 gallons of waste water. The waste water
entered the surface water runoff catchment system and discharged to
the Pawluxet River, The waste waterlyp'cally contained halogenated
and non-halogenated solvents and other organic compounds routinely used
in the chemical manufacturing process.

SWMU-10 is where a break in an underground waste water line resulied
in a discharge of about 50,000 gallons, The discharge flowed into a small
pond on-site and then diverted to the Pawtuxet River. The pH of the
teleased waste water was 8.5; the chemical oxygen demand was 1010
parts per million. This discharge contained acetone (31 pounds),
isopropy! alcohol (45 pounds), toluene (7 pounds), xylene (1.7 pounds),
zinc (025 pounds), and nitrobenzene (0.125 pounds).

SWMU-11 is where an estimated release of between 9 and 90 pounds of
toluene in waste water occurted via a subsurface sump associated with

Buiding 11.
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Table 1-2 - '
SWMUs, AOCs, and AAOIs

Number Name
SWMU-12 Waste Water Treatment Plant

AOC-13  Process Building Area

AOC-14  Atlantic Tubing and Rubber
Company Property

AAOI-15  Laboratory Buikiing Waste
Water Sump

AAOK162 Maintenance Department
Cleaning Area

NOTES:

Active

Study Area Dates .

Descrition

Waste Water 197010 1983
Treatment

Production 1930 to 1986

adjacent & west 198110
of Production  present

Production! 1961 to 1987

Warwick mid-1960s
to 1986

SWMU-12 is the area formerly occupied by the Waste Water Treatment
Plant. Biological trickling towers wete used and periodic sump overflows
from these towers resulied in discharges to the river. influent to the
fowers routinely contained volatile and semi-volatile organic compounds.
Additional releases from SWMU-12 in excess of the NPDES permit
requirements have been reported for zinc, BOD, and phenols; in two -
releases, chloroform was discharged to the river.

Area in which most of the production activities occurred.

This property was never used or developed by CIBA-GEIGY,

The sump functioned as part of normal operations in the Laboratory
Building. The gravity sump drained to sewer lines that discharged to the
publicly owned treatment works.

Area where maintenance equipment was steam-cleaned. Rinse waler
drained to a nearby surface water caich basin.

1. CIBA-GEIGY identified the two additional areas of investigation (AAOls); no releases are known, but the potential for a release existed in the past.
2. AAOI-16 will be redesignated as SWMU-16 for the Phase il investigation.
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2.0
PHYSICAL CHARACTERIZATION

2.1 OVERVIEW

This chapter describes the objectives, methods and analyses, and results of the physical
characterization. The physical characterization consisted of three main studies: the
geologic investigation, the hydrogeologic investigation, and the hydrologic investigation.

Some of the information presented in this chapter has been discussed in detail in
documents previously submitted to USEPA. These documents included: the Current

Assessment Summary Report (March 1990), the Phase 1A Report (October 1990), the
Phase I Interim Report (November 1991), and the Stabilization Investigation
Report/Design _Concepts Proposal (May 1993). The physical characterization data
collected throughout the RFI (including the Preliminary Investigation) were used in
preparing this chapter, although detailed presentations are generally limited to the data
collected during Phase II of the RFI.

- Section 2.2 describes the geologic investigation, Section 2.3 describes the hydrogeologic
investigation and Section 2.4 presents an overview of the hydrologic investigation of the
Pawtuxet River and surrounding areas. As discussed with USEPA, a detailed description
of the hydrologic investigation will be presented in the Pawtuxet River RFI Report to be
submitted at a later date. A summary of the results of the RFI physical characterization
concludes this chapter (Section 2.5).

‘Phase II Work Proposed but not Performed

Two activities that were proposed for the Phase II Investigation (Phase I Interim Report
and Phase II Proposal, May, 1993) were not performed. These were downhole
geophysical logging of selected borings by the natural gamma, gamma-gamma, and
neutron logging methods, and numerical groundwater flow modeling to simulate the
physical groundwater system of the Production Area.

- These activities were originally proposed to fill data gaps that were identified during the
Phase I Investigation. On the basis of the results of the field studies conducted during
the stabilization investigation, however, downhole geophysical logging and numerical
groundwater flow modeling were no longer necessary. The data collected during the
stabilization investigation satisfied most of the data needs that were going to be
addressed with these two activities.

A formal request not to perform the two activities was submitted to the USEPA in May,
1993 and approved by them in July, 1993.
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2.2 GEOLOGIC INVESTIGATION
- 2.2.1° Objectives = == = ===+ o e o
The following were the objectives of the geologic investigation:

o develop the background geologic history of the Site and
surrounding areas;

o place the Site in its regional stratigraphic and tectonic
setting;

e *  investigate the characteristics of the surface soils,
overburden, and bedrock lithology and structure; and

. identify geologic features that might affect the flow of -

groundwater at the Site,

The results of the investigation were used to develop a geologic model of the Site and to
provide a framework for interpreting the results of the hydrogeologic and hydrologic
investigations. The geologic model of the Site was refined continuously .using new data
collected during the various phases of the RFI and the Stabilization Investigation.

2.2.2 Geologic Investigation Methods and Analyses

This section describes the investigation methods and analyses that were used to
characterize the geology of the Site. The geologic characterization consisted of the
following activities:

a literature survey;

reconnaissance mapping;

a geophysical investigation;

a subsurface investigation; and
geotechnical analyses of soil samples.

2.2.2.1 Literature Survey

A literature survey was conducted - at the U.S. Geological Survey (USGS) Library in
Reston, Virginia to collect geologic information about the Providence, Rhode Island area
and the Site vicinity. Relevant geologic information was also obtained from technical
journals, geologic maps, field guides, and university reports. The information was used
to place the Site in its regional tectonic setting and to provide background information
about the geologic history of the area. The sources of geologic information can be found
in the References section of this document.
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2.2.2.2 Reconnaissance Mapping

In August, 1990, a reconnaissance . field investigation was_conducted to locate and map
bedrock exposures (outcrops) in the vicinity of the Site. The information collected
during outcrop mapping was used to infer bedrock structures and lithologies that might
underlie the Site, correlate bedrock core samples from the Site with the surrounding
bedrock geology, and to help place the Site in a regional geologic framework. Outcrops,
however, are not common around the Site area (the closest are over a mile from the
Site) and consequently, the mapping only provided indirect information about rock
structures underlying the Site. '

The outcrops were located by three methods. A review of USGS topographic maps
revealed landforms that were suggestive of rock outcrops (e.g.,steep topographic
gradients suggested that rock cliffs, ledges, or road cuts existed), the geologic map of the
Providence, RI Quadrangle (Quinn, 1959) used symbols that showed the location of rock
outcrops, and a detailed road log compiled by Hepburn and Rehmer (1981) provided
locations of outcrops that were exposed more recently. Most of the outcrops within a 5-
mile radius of the Site were visited and mapped. = Representative rock samples were
collected and compared to bedrock core samples recovered from four Site borings to
help infer bedrock geology of the Site.

2.2.23 Geophysical Investigation

Geophysical surveys were conducted at the Site in October 1989 and in July 1990. The
objectives of the geophysical work were to provide relatively quick and non-intrusive

reconnaissance characterization of subsurface conditions. Specifically, the surveys were
used to investigate overburden thickness, locate areas of perched water, and to identify
shallow man-made and natural subsurface features that might affect groundwater flow.

Three different geophysical surveys were conducted during the RFI. The surveys
consisted of a seismic refraction survey, an electrical resistivity survey, and a ground-
penetrating radar survey. A detailed description of the geophysical survey activities and
survey methods was presented in Chapter 2.0 of the Phase IA Report and in Chapter 2.0
of the Phase I Interim Report. A brief summary of the survey activities and methods is
presented below.

The seismic refraction survey aimed at defining refractive horizons, such as the interface
between soil and bedrock, in the underlying strata. The refraction data were collected
by generating seismic source signals at the surface and recording the return signal on a
distant recorder. The survey was conducted in all three study areas to investigate
overburden thickness and the depth to bedrock.

The electrical resistivity survey was performed by measuring the resistance to the passage
of an electrical current through the subsurface formations. Typically, fluids in the
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formation’s pore spaces act as conductors so that the survey essentially measures the
contrasts in porosity and pore water conductivity between adjacent soil layers. The

electrical -resistivity-data were. collected by applying a low-frequency current. between . . ... .

electrodes that were driven into the ground. The electrical resistivity survey was
conducted in all three study areas to investigate the presence of perched water and to
locate soil horizons with contrasting resistivity properties.

The ground-penetrating radar survey was performed to locate subsurface features that
might affect groundwater flow. The data were collected by introducing radar pulses into
the ground and picking up the reflected signal on a recorder. The ground-penetrating
radar survey was used in all three study areas to investigate the location of underground
structures such as conduits, building foundations, and buried utilities.

2.2.2.4 Subsurface Investigation

The RFI subsurface investigation was the primary source of information used to develop
the stratigraphic and geologic model of the Site. The subsurface investigation consisted

of the following activities:

o advancing borings;
. excavating test pits; and
o collecting and classifying soil and rock core samples.

A summary of these activities is presented below.

Advancing Borings

Soil borings were advanced and monitoring wells were installed throughout the RFI.
Logs for borings and monitoring wells installed during Phase II of the RFI are included
in Appendices 2-A and 2-B, respectively. Logs for borings, piezometers, and monitoring
wells installed during investigations prior to Phase II were included in reports previously
submitted to the USEPA. A brief summary of the previous investigations is presented
below.

Preliminary Investigation- During the Preliminary Investigation, 19 piezometers and 10
monitoring wells were installed at the Site. Boring logs for these piezometers and
monitoring wells were presented in the Current Assessment Summary Report.

Phase 1A Investigation- During the Phase JA Investigation, 11 piezometers and 4 bedrock
monitoring wells were installed. Boring logs for these piezometers and monitoring wells

were presented in the Phase IA Report.

Phase IB Investigation- During the Phase IB Investigation, 6 piezometers and 15
monitoring wells were installed. In addition, 23 shallow borings ranging in depth from 2
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to 10 feet were advanced to investigate potential contamination associated with
individual SWMUs. Boring logs for these piezometers, monitoring wells, and shallow
borings were presented in the Phase I Interim Report.

Stabilization Investigation- During the Stabilization Investigation, 14 piezometers, 12
monitoring wells, 4 recovery wells, and 10 vapor extraction wells were installed. Two of
the recovery wells (RC-3 and RC-5) and seven vapor extraction wells (VE-4 through VE-
10) were installed only after the final Stabilization Investigation report was completed
and submitted to the USEPA. Location maps and boring logs of these wells are
presented in this report (Figure 2-1 and Appendix 2-A); construction details of the other
wells installed during the Stabilization Investigation were presented in the Stablllzatxon
Investigation Report/Design Concepts Proposal.

Phase II Investigation- During the Phase II Investigation, 11 monitoring wells were
installed. Boring logs and construction logs for these wells are presented in Appendices
2-A and 2-B, respectively. The rationale for the installation of these wells is presented in
Table 2-1.

In addition to the borings advanced for monitoring well installation, 43 additional soil
borings were advanced to delineate the extent of contamination associated with
individual SWMUs. Table 2-2 shows the location and depth of these borings; logs for
these borings are presented in Appendix 2-A.

Excavating Test Pits

Six exploratory test pits were excavated at the Site during the Phase IB Investigation.
The test pits were excavated in the areas of SWMUs-2, -3, -7, -8, -11 (Production Area),
and SWMU-10 (Waste Water Treatment Area) to evaluate shallow subsurface materials
and to investigate the presence of contamination potentially associated with the SWMUs.
The test pit logs were presented in the Phase I Interim Report. :

Collecting and Classifying Soil and Rock Core Samples

During the RFI, soils were sampled from borings using two different techniques - split-
spoon sampling and Shelby tube sampling. Bedrock was sampled using rock coring
techniques. Sampling procedures were conducted in accordance with the QAPP-
Supplement. '

Split-spoon Sampling: Continuous split spoon samples were collected durmg the Phase I
and Phase II investigations, in a select number of boreholes.

Shelby Tube Sampling: A total of 24 Shelby tube samples were collected from 16 borings
during Phase I of the RFI. These data were presented in the Phase I Interim Report.
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Rock Core Sampling: A 5-ft run of rock core was recovered from each of four bedrock
borings advanced during Phase IA. The rock core logs were presented in the Phase IA

Report. D e

Logging Methods
Soil Boring Logs:

Soil descriptions were based on observations of soil collected in split-spoon samplers, soil
cuttings (drilling spoils), and trimmings from Shelby tube samples. The description and
classification of soil samples were performed by a field inspector during the drilling
activities and recorded on boring logs. The soil classification procedures are outlined in -
the QAPP- Supplement.

Rock Core Sample Logs:

Observations made during core drilling were recorded on the core log by the geologist
inspecting the operation. Core logging procedures are outlined in the QAPP-
‘Supplement.

2.2.2.5 Geotechnical Soil Analyses

The geotechnical properties of selected soil samples were measured to help investigate
the stratigraphy of the Site and to evaluate soil factors that may affect contaminant
mobility, soil remediation work, and the groundwater flow regime.

During the Phase I Investigation the following tests were performed:

index tests: water content and Atterberg limits;
- physical property tests: grain 51ze total and dry unit welghts porosity, and
specific gravity; and
° engineering property tests: vertical hydraulic conductivity.

Index and physical property tests were performed by both International Technology
Corporation and Woodward-Clyde Consultants; engineering property tests were
performed by Woodward-Clyde Consultants. The results of the Phase I geotechnical
analyses were presented in the Phase I Interim Report.

During the Stabilization Investigation, the only geotechnical analyses that were
performed were grain size analyses for soil samples collected from recovery wells RC-1
and RC-2 (borings P-32D and P-33D, respectively) and recovery wells RC-3 and RC-5.
The analyses were performed to optimize the construction of the recovery wells for the
stabilization investigation aquifer tests. The results of the analyses of soil samples
collected from recovery wells RC-1 and RC-2 were presented in the Stabilization
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Investigation Report (recovery wells RC-3 and RC-5 were not installed before
Stabilization Investigation Report was submitted to the USEPA). The grain size
distribution curves for soils samples collected from recovery wells RC-3 and RC-5 are
presented in Appendix 2-C.

Geotechnical analyses were not performed on soil samples collected during the Phase II
Investigation.

2.2.3 Results of the Geologic Investigation

This section describes the results of the RFI geologic characterization in the following
order:

. regional geology, as determined by the literature survey and
reconnaissance mapping tasks;

- preliminary evaluation of the Site geology, as determined by the results of =
the geophysical survey; and

. - site-specific geology, as determined by the subsurface investigation and the

results of the geotechnical analyses of soil samples.
2.2.3.1 Regional Geology
Tectonics and Basement Geology:

The Site is located in the Appalachian Mountain System of southeastern New England.
Within the Appalachians, numerous geologic provinces have been delineated on the basis
of differences in bedrock radiometric-age dates, rock lithology, fossil assemblages, and
rock structure.

The Site is located in a geologic province known as the Avalon terrane, named after the
type exposures and similar suites of rocks found on the Avalon Peninsula of
Newfoundland (Zartman and Naylor, 1984). This rock belt forms part of the eastern
margin of the Appalachian Orogen and can be traced southwestward from
Newfoundland, through Massachusetts and Rhode Island, down to South Carolina.

In Rhode Island, the rocks in this terrane are mostly Precambrian and Cambrian (about,
600 Ma) volcanic and associated sedimentary rocks that were subsequently intruded by
Devonian (about 400 Ma) granites. The rocks are generally unmetamorphosed, or
metamorphosed to only a moderate degree. Where exposed, rocks of the Avalon terrane
are in sharp fault contact with rock belts found immediately to the east and west
(Williams and Hatcher, 1983). Current tectonic models place the evolution of the
Avalon crustal block as a separate "micro-continent”, that docked against the North
American craton sometime after middle Paleozoic time, possibly coincident with the
Acadian Orogeny (360 to 400 Ma).
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Within the Avalon terrane, the Site is located in a mostly fault-bounded structural basin,
the Narragansett Basin, which extends from southeastern Massachusetts to southeastern
Rhode Island. The _Basin is approximately 18 miles wide from Providence, Rhode Island
to Fall River, Massachusetts and 60 miles long from Newport, Rhode Island to Hanover,
Massachusetts (Quinn, 1976). About 290 million years ago (the Pennsylvanian Period)
the Narragansett Basin was a synclinal depression that received rapid influxes of
continental sediments, alluvial deposits, and organic matter from the surrounding
highlands (Barosh and Hermes, 1981). These sediments were metamorphosed at low to
moderate grades during the Alleghenian Orogeny (the Permian Period), a localized
tectonic event that affected rocks of southeastern New England about 275 million years
~ago (Skehan and Murray, 1980). The southern portions of the basin underwent the most
intense deformation, resulting in major tight isoclinal to recumbent north-to-northeast
trending folds and numerous north to northwest trending faults (Barosh and Hermes,
1981).

Bedrock Geology and Structure:

The Rhode Island Formation is the dominant bedrock unit in the Narragansett Basin
(Figure 2-2). The Formation is composed of sedimentary rocks consisting of gray and
black conglomerates, sandstones, shales, and minor amounts of coal. It is estimated to
be about 10,000 feet thick (Quinn, 1969; 1971) and about 290 million years old (Skehan
and Murray, 1980). The bedding within the Narragansett Basin generally dips east and
southeast and strikes mostly north and northeast (Quinn, 1959). ‘Locally, however, the
bedding structure is very complex and bedding planes may dip in many different
“directions because of faulting and folding (Quinn, 1959).

The contact between the rocks of the Narragansett Basin and the rocks of the Avalonian
basement is closest west of the Site (about 4 miles away) and it is marked by a relatively
steep escarpment (Figure 2-2). The basement rocks, being compositionally more
resistant to erosion than the basin rocks, comprise the western upland. The nature of
the contact has not been well established, but it is inferred to be a fault along most of
the perimeter of the basin (Barosh and Hermes, 1981).

Surficial Geology and Topography:

The Site is located in the Seaboard Lowland section of the New England physiographic
province. The topography around the Site area consists of relatively flat plains which
slope. southeastward and range in elevation from about 40 to 100 feet above sea level
(Smith, 1956).

Pleistocene glaciation, which ended about 10,000 years ago, scoured the bedrock surface
resulting in the present dominant topographic pattern. Till (unsorted ice-contact
deposits) and outwash sediments (meltwater stream-sorted deposits) were deposited
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directly over bedrock as the ice receded. Overburden in the area is primarily glacial
outwash material consisting of layers of sand, silt, and gravel (Moultrop, 1956). The
outwash generally forms thick deposits (up to 280 feet) in low-lying areas while in some
upland areas, outwash is not present (Bierschenk, 1959). The average thickness of the
outwash plains is about 50 feet (Smith, 1956).

The Pawtuxet River flows along the boundary between the Providence outwash plain to
the north and the Warwick outwash plain to the south (Figure 2-3). Although both
outwash plains are similar in composition, the Providence outwash plain is younger than
the Warwick outwash plain and about 15 to 20 feet lower in elevation (Smith, 1956).
Both outwash plains have a downward gradient to the southeast. Currently, the glacial
outwash is being eroded and reworked locally by streams and rivers and recent (post-
glacial) alluvial deposits cover some areas of glacial outwash.

Surface soils in the area have developed (and are still developing) though chemical and
physical weathering processes that acted on the underlying parent material since the last
glacial event. The Soil Survey of Rhode Island (USDA, 1981) has mapped three soil
types in the Site area. These include Urban land, Rumney fine sandy loam, and
Merrimac-Urban land complex. The distribution of these units across the Site is shown
in Figure 2-4. ' '

Urban land (Ur) consists of soils in areas that are covered by paved roads, parking lots,
or buildings. These areas are typically found heavily developed land that are flat lying or
have only moderate slopes. Soils associated with Urban land are excessively to
moderately well drained.

The Merrimac-Urban land complex (MU) is a combination of well drained Merrimac
soils and areas of Urban land. The complex is typically found on terraces and outwash
plains in densely populated areas. Merrimac soils generally have an 8-inch surface layer
of dark brown sandy loam, a subsoil of 17 inches of yellowish brown and dark yellowish
brown sandy loam, and a substratum of 35 inches or more of a light yellowish brown
gravelly sand. Merrimac soils formed in outwash deposits derived from schist, gneiss,
and phyllite. The permeability of the Merrimac soils is moderately rapid in the surface
layer and upper part of the subsoil, moderately rapid to rapid in the lower part of the
subsoil, and rapid in the substratum. The soil is extremely acid through medium acid
with a pH ranging from 3.6 to 6.0 (USDA, 1981).

The Rumney fine sandy loam (Ru) is a nearly level, poorly drained soil lying on flood
plains. The unit generally has a 5-inch surface layer of very dark grayish brown fine
sandy loam, a subsoil of 17 inches of dark grayish brown, mottled fine sandy loam, and a
substratum of 35 inches or more of gray and dark grayish brown sand. The permeability
is moderately rapid in the surface layer and subsoil and rapid or very rapid in the
substratum. The soil is very strongly acid through slightly acid w1th a pH ranging from
4.5t0 6.5 (USDA, 1981).
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2.2.3.2 Preliminary Evaluation of Site Geology - Geophysical Surveys

During the Phase I investigation, three geophysical survey methods - seismic refraction,
electrical resistivity, and ground-penetrating radar - were used to provide a quick and
relatively non-intrusive method of obtaining preliminary stratigraphic information for
each of the three study areas at the Site. A detailed description of the geophysical

- results can be found in the Phase IA Report and the Phase I Interim Report; a brief
summary of the results is presented below.

In the Production Area, the seismic refraction and electrical resistivity data suggested
that a glacial till of variable composition and thickness overlies bedrock. Interbedded
sands, silts, gravels, and clays overlie the till, but the unit showed no consistent layering.
Till is inferred to be 30 to 60 feet below ground surface, while bedrock is inferred to be
50 to 60 feet below the ground surface. '

In the Warwick Area, the geophysical data suggest that the soils consist of interbedded
and laterally discontinuous sands, silts, and clays. The data indicate that the till varies in
thickness and composition and that bedrock is 50 to 60 feet below ground surface.

The geophysical data from the Waste Water Treatment Area are generally consistent
with the data collected from the Production and Warwick Areas. The upper 30 feet of
overburden consists of interbedded and discontinuous sands, silts, and clays. Till is
inferred to be about 30 to 50 feet below ground surface while top of bedrock is inferred
to be about 45 to 60 feet below the ground surface.

The geophysical survey results were used to developing a preliminary stratigraphic and
geologic model of the Site. As presented in the Phase IA and Interim Reports, the
interpreted results of the geophysical data is as follows: bedrock varies from 20 to 90
feet below ground surface but generally ranges from 45 to 60 feet below grade; the
overburden consists of sands, silts, clays, gravel, and till; and, the overburden appears to
vary widely both in depth and areal extent. Water table depths were inferred to range
from 3 to 18 feet below ground surface. Areas of perched water were not identified in
the geophysical investigation.

The results of the geophysical survey are generally consistent with the geologic data that
was collected by more direct investigation techniques (i.e.,drilling, test trenches, etc.). In
addition to providing preliminary geologic information for the Site, the geophysical data
were used also to help develop the subsurface drilling strategy and to provide subsurface
geologic information in areas were borings were not advanced.
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2.2.3.3 Site Specific Geology
Surface Soils

There is little correlation of surface soils at the Site with the regional classifications
given by the USDA (1981) due to the urbanization of the area. The native soil profile
across most, if not all, of the Site has been disrupted by construction, trenching, and
backfill activities. Consequently, the surface soils can not be differentiated in detail and,
for the purposes of geologic characterization of the Site, are simply considered to be part
of the upper-most overburden unit A generalized evaluation of the surface soils at the
Site, however, is provided below. The distribution of the USDA (1981) soil map units is
shown in Figure 2-4.

The Production Area has a generic regional soil classification of Urban land. In general,.
the upper few feet of soil in the Production Area consists of sand, silt, and gravel that is
mixed with concrete, metal, and other construction debris. None of the material in the
Production Area is considered to be native soil. :

The western two-thirds of the Warwick Area is covered with asphalt pavement and has a
generic regional soil classification of Urban land. The soils below the pavement
generally consist of coarse- to fine-grained brown sand, with varying amounts of silt and
gravel. These materials may reflect a native soil profile. The soil in the eastern portion
of the Warwick Area is classified as Rumney fine sandy loam. The soils in only a
localized portion of this area (near SWMU-5) have been investigated in detail. Here,
the surface soils consist of fill material containing ashes, brick, and other debris and gray,
black, and brown sands with organic material. The organic sands possibly reflect a
native soil profile. | '

The surface soil in the southern half of the Waste Water Treatment Area is classified as
Rumney fine sandy loam while the surface soil in the northern half is classified as the
Merrimac-Urban Land Complex. The surface soils in this area generally consist of fill
material that contains sand, silt, and gravel that is mixed with wood, plastic, asphalt, and
other debris although scattered pockets of brown sandy silt and gray sandy silt exist.
There is little correlation of the surface soils here to the regional classifications.

QOverburden

Five major stratigraphic units have been identified in the overburden underlying the Site;
from the top down they are the following:

1. Upper Sand/Fill;
2. Silt;
3. Gravelly Sand (Production Area only).
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4. Fine Sand; and,
5. Glacial Till;

These units, as well as other minor units and bedrock, are described below. Quantitative
information about each stratigraphic unit is provided by the results of the geotechnical
analyses of soil sample collected from each of the major overburden units. A summary
of the geotechnical soil properties is presented in Appendix 2-C.

Upper Sand/Fill unit:

Three lithologies - man-made fill, tan sands, and brown silty sands - form the greater
part of the upper unit. These lithologies, however, are not differentiated in the geologic
cross- sections because these minor units are not laterally continuous for any appreciable
distance.

In the Production Area, the upper unit consists primarily of fill. The fill typically consists
of concrete rubble and other man-made debris mixed in a sandy matrix.

In the Warwick and Waste Water Treatment Areas, the upper unit consists primarily of
brown coarse to fine sands, some silts, and occasional gravel lenses. Fill also occurs
locally in the Waste Water Treatment Area.

In the Off-Site areas, the upper portion of the unit consists of tan to yellow, fine to
medium-fine sands. In general, the upper unit is thinnest in the Production' Area and
thickest in the Warwick and Off-Site areas, ranging from about 6 to 29 feet thick.

Silt unit:

In contrast to the diversity of lithologies found in the upper unit, there is a fairly
homogeneous unit of gray silt that underlies most of the Site (except ‘in localized
portions of the Production Area). This unit consists of gray silt and occasional fine
laminations of sand and silty sand (varves). The unit is thickest in the Warwick and
Waste Water Treatment Areas, ranging from about 10 to 38 feet thick.

Gravelly Sand unit: '

‘The Gravelly Sand unit occurs only in the Production Area. It is a heterogeneous
mixture of gray sand, silt, clay, and gravel. The medium- to coarse-grained matrix
contains well-rounded pebbles (gravel) of shale and sandstone, and angular rock
fragments of mixed composition. The gravel size ranges from coarse to fine. This unit
has a maximum thickness of about 25 feet in the area of monitoring wells MW-10D and
MW-12D.
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Fine Sand unit:
A relatively homogeneous unit of fine sand and silty sand underlies the Silt unit and has-

- .a.similar gray color. This unit consists of fine- to very fine-grained sand with varying

amounts of silt and occasional traces of clay. The thickness of this unit ranges from
about 5 to 37 feet, with an average thickness of 10 to 20 feet. This unit underlies the
entire Site except in a small portion of the Waste Water Treatment Area where the Silt
unit directly overlies bedrock (near piezometer P-19D).

Glacial Till unit:

A dense, heterogeneous, gray-colored till unit directly overlies bedrock in the Production

- Area, most of the Waste Water Treatment Area and the western-most portion of the
Warwick Area. The Glacial Till unit is composed of a poorly sorted mixture of clays,
silts, and coarse sands that contain gravel and rock fragments. The thickness of this unit
is fairly consistent averaging about 5 feet but reaching 10 feet in the southwest portion of
the Site. This unit also tends to parallel the surface of the underlying bedrock; it is not
appreciably thicker where the bedrock surface is deep, nor is it thinner where the
bedrock surface is shallow.

Minor Units:

Several minor units occur in the overburden underlying the Site. Occasional lenses of
gray fine to coarse sand occur within the Silt unit. These units are not laterally
continuous and reflect only minor variations of the Silt unit. Thin lenses of gravelly
sands also occur within the Fine Sand unit in the Production Area. A stiff gray silt lens
can also be found between the Fine Sand unit and the glacial till in the central portion
of the Production Area. ' '

Bedrock

During the Phase I investigation, four borings were advanced into bedrock and several
other borings terminated at the top of bedrock. The depth to bedrock was found to be
variable across the Site, ranging from 30 to about 90 feet below ground surface. The
elevation of the top of bedrock ranges from 5 to 75 feet above mean sea level. The
lithologies of the four rock cores did not suggest that a correlation exists between the
rock type and the depth to bedrock.

Based on the rock core data (presented in the Phase IA Report), two rock types are
present under the Site - a light gray, medium-grained, quartz-biotite sandstone that
contains occasional quartzite pebbles, and a dark gray, thin bedded shale with
moderately developed phyllitic cleavages. These lithologies correlate with regional
descriptions of rocks belonging to the Rhode Island Formation and to the few outcrops
exposed nearby.
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The sandstone was present - all four rock core samples (RW-1 through RW-4). It has
poor to moderately developed schistose cleavage with an approximate dip of 65 degrees.
_ Numerous vertical and steeply dipping quartz-filled fractures are present. It is
moderately to deeply weathered and moderately strong. Round and elongated "pebbles
are found in two of the cores.

The shale was present in the core sample recovered from recovery well RW-2. The -
shale has laminations and very thin bedding with alternating light and dark streaks. The
rock has moderately developed sub-horizontal cleavage which dips at approximately 10
degrees. The shale grades into the sandstone in this core sample. A small amount of
weathered shale was also recovered in a split spoon sample at location MW-17D at the

termination of the boring (Phase I Interim Report).

Geotechnical Properties of the Overburden Units

Geotechnical data for soil samples collected during the different phases of the RFI
(Phase IA, Phase IB Round 1, Phase IB Round 2, and Stabilization Investigation) are
summarized in Appendix 2-C, Table 2-C1 through Table 2-C5. Tables 2-C1, 2-C2 and 2-
C3 summarize the geotechnical data of samples collected during Phase 1 (geotechnical
soil samples were not collected during Phase H). Table 2-C4 presents particle size
distribution data of soil samples collected during the Stabilization Investigation. Table 2-
CS5 presents the methods and assumptions used to calculate theoretical hydraulic
conductivity values, based on a given sample’s grain size distribution, using two
established methods - The Hazen method and the Kozeny-Carman method.

The tabulated data are sorted so that the geotechnical properties of the soil samples can
be easily referenced and compared by study. area, by stratigraphic unit, and by depth. In
addition, the average values of the geotechnical data for each stratigraphic unit has been
calculated and tabulated.

2.2.3.4 General Site Stratigraphy

Discussion of Geologic Cross-Sections

This section discusses geologic cross-sections of the Site that were developed on the basis
of data collected during the RFI subsurface investigation. The locations of the cross-
sections are shown in Figure 2-5; cross-sections A through G are shown in Figures 2-6
through 2-8. Four of the cross-sections (A, B, C, and D) intersect and cross the Pawtuxet
River and three of the cross-sections are drawn roughly parallel to it (E, F, and G).

A generalized version of the Pawtuxet River is drawn on the geologic cross sections to
illustrate the possible relationships between the river, the river sediments, and the
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overburden. Although the river cross-sections were drawn on the basis of a compilation
of data collected during the Phase I and Phase II River Investigation, these sections are
not meant to reflect a precise representation of the river in terms of sediment thickness,
surface water elevations, or other physical characteristics.

As discussed in Section 2.2.3.3,the stratigraphy of the Site generally consists of the
following top-to-bottom sequence: a brown Sand/Fill unit, a gray Silt unit, a Fine Sand
unit, a Glacial Till unit, and bedrock. Cross-section C (Figure 2-6), drawn from the
Waste Water Treatment Area southward into the Warwick Area, shows a good example
of the "type" stratigraphic section for the Site with very few variations. Major variations
of this general stratigraphic sequence, however, do occur in each of the Site areas. A
discussion of the stratigraphic cross-sections for each of the Site areas is presented
below.

Production Area:

In the Production Area (cross-sections A, B, F, and G) all of the major stratigraphic
units are present although significant variations occur. A notable variation is the
presence of a relatively wide and thick gravel lens (cross-section B) that underlies the
area of monitoring wells MW-10D and MW-4D. Figure 2-9 shows the approximate areal
extent and thickness of the Gravel unit in the Production Area. Note that the Gravel
unit replaces the Silt unit in this area and potentially acts as a groundwater conduit to
the underlying strata. The hydrogeological properties of the Gravel unit and its
stratigraphic influence on groundwater are discussed in more detail in Section 2.3.7.1-
General Hydrogeological Properties of the Stratigraphic Units.

Minor units in the Production Area include a thin sandy gravel lens within the Fine Sand
unit in the central part of the Production Area (cross-sections A and G). It extends from
MW-14D to the Pawtuxet River but apparently does not cross the river to the location of
piezometer P-27D. The gravel lens is approximately 5 feet thick.

The distribution of the Silt unit is variable in the Production Area, as show in cross-
sections A, B, F, and G. In the north-central Production Area (cross section B) the Silt
unit is not present; instead the Gravel unit appears to have replaced it. East of the
Production Area (cross-sections F and G) the Silt unit thins and disappears, but appears
again at the location of piezometer P-24D. The Fine Sand unit, however, as well as the
Till unit, is continuous across the Production Area.

The top of bedrock was encountered in only two borings in the Production Area (MW-
10D and RW-1). Where encountered, the depth to bedrock varied from 50 to 59 feet
below the ground surface (cross-section B).
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Off-Site Area:
The Off-Site Area (cross-sections F and D) has the characteristic stratigraphy sequence

_of a upper brown Sand unit, underlain by a gray Silt unit, overlying a Fine Sand umt w1th

no variations. Till, approximately 5 feet thick, directly overlies bedrock:

Cross-section F shows a bedrock high in the area of RW-4. Here the depth to bedrock
is only 28 feet below the ground surface (about 5 feet below mean sea level). Away
from RW-4, the bedrock surface slopes steeply down to about 72 feet below ground
surface in the area of piezometer P-25D (about 60 feet below mean sea level).

Waste Water Treatment Area: :

In the Waste Water Treatment Area (cross-sections C and F), the overburden consists of
the characteristic stratigraphic sequence - the upper unit (mostly consisting of brown
sand), the gray Silt unit, the Fine Sand unit, Till, and bedrock.

A minor unit consisting of silty fine sand occurs within the Silt unit in the location of
piezometer P-23D (cross-section C), but It is only about 5 feet thick and does not extend
laterally for any appreciable distance. :

The Till directly overlies bedrock across this area except in the location of piezometer P-
19D (cross-section F). Here the top of rock is relatively shallow and Till was not
encountered in the boring.

The depth to the bedrock surface is most variable in the Waste Water Treatment Area.
The depth to bedrock ranges from about 28 feet to 72 feet below the ground surface.

Warwick Area:
Most of the Warwick Area (cross-sections B, C, D, and E) is underlain by the typlcal
stratigraphic sequence consisting of an upper brown Sand unit, the gray Silt unit, the

Fine Sand unit, Till, and bedrock.

Minor units in this area include a gray fine sand that occurs between the upper brown
Sand unit and the Silt unit (cross-section E). This Fine Sand unit is approximately 8 feet
thick and appears only in the area of bedrock well RW-3.

In the area of piezometer P-22D, an isolated unit of interlayered tan sand and gray clay
occurs between the upper Sand unit and the Silt unit (cross-section D). This unit is
about 10 feet thick but has no appreciable lateral extent.

The distribution of Till in the Warwick Area is variable. The Till unit is found in the
western portion of the area (cross-section B) and near the Pawtuxet River (cross-section
D). It is apparently not present in the south-central and eastern portions of the Area
(cross-section E).
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Phase 11 monitoring wells were installed to supplement the existing monitoring well
network. The procedures used to install and develop the Phase II wells were consistent
- with those used for the previously installed wells. These procedures were described in
detail in the Quality Assurance Documents (Volume 2 of the RCRA Facility
Investigation Proposal) and in the Quality Assurance Documents: Supplement.

Continuous split-spoon sampling was performed while advancing the borings for each of
the deep wells and at each shallow well location that was not in a cluster (i.e. adjacent to
a deep well). Well construction logs for each of the Phase II monitoring wells are
presented in Appendix 2-B. The remainder of the well construction logs are provided in
the Phase IA Report and the Phase I Interim Report.

Seven vapor extraction wells (VE-4 through VE-10) and two groundwater recovery wells
(RC-3 and RC-5) were installed for the stabilization activities. Details on the uses and
construction of these wells were provided in the Final Stabilization Design Documents.

2.3.2.2 Water Level Monitoring

Groundwater elevations were recorded monthly during Phase II from February 1993
through December 1994. Depth to water readings and groundwater elevations for both
Phase I and Phase II are provided in Appendix 2-D. From these data, the groundwater
elevations recorded April 29, 1993, July 29, 1993, October 29, 1993, and January 31, 1994
were selected to construct seasonal groundwater elevation contour maps. The contour
maps were prepared for both the shallow overburden and the deep overburden. These
contour maps are shown in Figures 2-11 and 2-12 and are discussed in Section 2.3.4.1.

Continuous groundwater level measurements (one reading every 30 minutes) were
recorded periodically from June 1992 to February 1994 in MW-1S, MW-1D, MW-10S,
and MW-10D using an automatic data logger. MW-1S and MW-1D were monitored to
evaluate changes in groundwater elevations near the river. MW-10S and MW-10D were .
monitored to evaluate groundwater elevations further from the river in the Production
Area. The results of continuous groundwater level monitoring are discussed in Section
2.34.2. :

A stilling well was installed in the Pawtuxet River for the Phase II Pawtuxet River
investigation. Surface water measurements from July 1992 through January 1993 were
reported in the Stabilization Investigation Report and Design Concepts Proposal.
Continuous surface water elevation readings from February 1993 through April 1993 are
discussed in Section 2.3.4.3. . '

2.3.2.3 Hydrochemistry

During Phase I, groundwater samples from each of the on-site monitoring wells were
analyzed for cations and anions. The ionic concentrations detected were plotted on
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trilinear diagrams to determine the hydrochemical facies of the groundwater at the Site
using the Piper (1949) method. This graphical method permits a direct comparison of
the geochemical nature of groundwater samples, revealing information about the
interaction of the different types of groundwater based on their particular geochemical
evolution.

The major ion composition of groundwater was characterized using the concentrations of
three cationic groups - calcium (Ca*?), magnesium (Mg*?), and sodium and potassium
(Na*'+K*") - and three anionic groups - sulfates (SO,?), chlorides (Cl'), and carbonate
and bicarbonate (CO,2+HCO;,"). The Piper (1944) method, which uses the percentage
of the cationic and anionic values plotted on separate trilinear diagrams, is described in
full in the Phase 1 Interim Report.

2.3.2.4 Aquifer Testing
Grain-size Distribution

As part of the Phase I investigations, samples from borings were analyzed for grain size
distribution. Results of these analyses were used to estimate hydraulic conductivities. A
description of the methodology used in these calculations is provided in the Phase I
Interim Report. Hydraulic conductivities estimated from these calculations are
summarized in Section 2.3.6.10f this report.

Slug Testing

Slug testing was performed on selected piezometers and wells during Phase I to estimate
the hydraulic conductivity of the formation in the immediate vicinity of the screened
intervals. Both falling and rising head tests were conducted. The methodology of these
tests, as well as the results are presented in the Phase I Interim Regort and summarized
in Section 2.3.6.10f this report.

Step-drawdown_Tests

Step-drawdown tests were performed during stabilization at recovery wells RC-1 and RC-
2 (the "test wells") by pumping the test well at a constant discharge rate until drawdown
in the well stabilized. The step drawdown test methods and results are described in the

Stabilization Investigation Report and Design Concepts Proposal.

The objectives of each stepdrawdown test were to:

° determine the optimal rate at which to conduct the 72-hour constant rate
test at each recovery well; and
. determine the well efficiency/well loss coefficients.
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The step-drawdown tests were conducted in RC-1 on 2 September 1992 and in RC-2 on
3 September 1992. RC-1 was tested at three pumping rates - 20, 38, and 56 gallons per
minute (gpm); pumping was performed for about one hour in each of the first two steps
and for two hours in the third step. The step-drawdown test at RC-2 was performed at
three pumping rates - 6, 12, and 15 gpm; pumping was performed for one hour in the
first step and for about 2 hours in each of the other two steps.

Constant Rate Tests

Based on the results from step-drawdown tests, 72-hour constant rate tests were’
conducted at both RC-1 and RC-2.

The objectives of the 72-hour constant rate tests were to:

. evaluate the aquifer properties (transmissivity, storativity, and hydraulic
conductivity) of the Production Area more accurately;

° evaluate the effects of pumping each recovery well on the water level at
the bulkhead, ‘

o -collect the data needed to design the longer-term (i.e.,30-day) constant
rate test; and _

o obtain preliminary estimates of pumping rates and schedules appropriate

for designing the full-scale groundwater capture system.

The 72-hour constant rate test at RC-2 was conducted from 12 to 15 October 1992 at a
pumping rate of 10 gpm for about 74 hours. The RC-1 test was conducted from 26 to
29 October 1992 at a pumping rate of 30 gpm for about 71 hours. The methods for
conducting these tests are presented in the Stabilization Investigation Report and Design

Concepts Proposal.

The 30-day constant rate test was conducted by pumping both RC-1 and RC-2
simultaneously. In general, the objective of the 30-day constant rate test was to obtain
the hydraulic and analytical data needed to optimize the design requirements for the full-
scale groundwater capture system. - Specifically, the objectives of the 30-day constant rate
test were to:

. determine the joint effectiveness (i.e.,joint capture zone) of both recovery

wells in reversing the hydraulic gradient along the bulkhead;
° determine more precisely the control parameters (e.g.,pumping rates,

drawdown at the bulkhead) needed for designing the full-scale groundwater
capture system;

o collect analytical data showing changes in constituent concentrations over
time; and '
. determine the impact of subsurface features (e.g.,footings, foundations,),

changes in stratigraphy, and precipitation on groundwater flow.
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The 30-day constant rate test was conducted from 1 through 29 December 1992. The
methods and procedures for conducting this test are presented in the Stabilization

Investigation Report .and Design Concepts Proposal.
2.3.3 Regional and Local Hydrogeology

This section discusses the regional and local hydrogeologic framework which provides the
background needed to understand the site-specific hydrogeology.

In the vicinity of the Site, groundwater occurs in the unconsolidated fluvial and
glaciofluvial sediments, and in the underlying bedrock. The fluvial deposits are generally
thin and discontinuous, and do not typically yield adequate water volumes for wells. The
glaciofluvial sediments vary from moderate-to-high yield (75 to 1600 gallons per minute,
or gpm) in outwash deposits to poor yield (generally less than 2 gpm) in till deposits
(Bierschenk, 1959). The outwash deposits afford most of the water currently pumped
and potentially available in the area. Groundwater flow in the unconsolidated deposits
tends to follow topography; ultimately, the groundwater discharges to creeks, rivers, and
bays. The depth to water in the unconsolidated deposits tends to be a subdued replica
of the topography. Groundwater is recharged largely by the infiltration of precipitation.
Groundwater levels are above stream levels, indicating that the streams are fed by
groundwater (gaining) (Bierschenk, 1959). Typically, limited communication occurs
between unconsolidated deposits and bedrock. However, unconsolidated deposits may
recharge underlying bedrock. -

The yield in bedrock wells is variable depending on such factors as the fracture/joint
density and size and the interconnection of fractures/joints. The nature and thickness of
overlying deposits also influence the yield of wells in the bedrock. The average yields of
bedrock wells in the vicinity of the Site (Narragansett  Basin) are about 40 gpm for wells
overlain by less than 25 feet of saturated outwash and about 80 gpm for wells overlain by
25 to 100 feet of saturated outwash (Bierschenk, 1959). Groundwater flow direction in
bedrock - is complicated and depends on fracture/joint orientation, size, and- density. The
depth to water in bedrock wells reflects the land surface topography. The water level
appears to have little relation to the depth at which the water-bearing fractures/joints

are encountered, suggesting that there is an interconnection between the unconsolidated
deposits and the underlying bedrock.

Taken together, groundwater flow in unconsolidated deposits and bedrock can be viewed
as having three components: (1) shallow flow, ultimately discharging to local streams,
(2) intermediate flow, ultimately discharging to regional streams, and (3) deep flow,
ultimately discharging to a global base level (i.e.,either Narragansett Bay or the ocean).

Data on the groundwater features of the Site are discussed in the sections that follow.
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2.3.4 Water Level Monitoring

This section describes the water level measurements collected site-wide on a monthly
basis and continuously in selected wells. Groundwater contour maps from selected
monthly water- level measurements are presented. Horizontal and vertical hydraulic
gradients and water level trends are also discussed.

2.3.4.1 Monthly Groundwater Levels

This section summarizes monthly groundwater elevation measurements by discussing
representative results from the spring, summer, and fall of 1993, and winter of 1994. The
discussion is divided into shallow overburden and deep overburden measurements.
Groundwater elevation contour maps are provided in Figures 2-10 and 2-11. Vertical
gradients for the same periods are provided in Table 2-4.

23.4.1.1  Shallow Overburden

Groundwater elevation measurements indicate that, during all seasons, shallow
groundwater flow is towards the Pawtuxet River. That is, groundwater flow is from north
to south in the Production Area and Waste Water Treatment Area, and from south to
north in the Warwick Area. Groundwater elevations in the shallow overburden across
the site ranged from roughly 6 to 16 ft above mean sea level (MSL). The highest
elevations were measured in the spring and winter. The maximum difference in
elevations between seasons was about 1.5 ft. Horizontal gradients ranged from 0.004 at
the north end of the Production Area to 0.04 along the bulkhead in the Production Area.
In general, horizontal gradients appeared to be steepest in the winter, though seasonal
variations are not substantial.’

2.3.4.1.2 Deep Overburden

Groundwater elevation measurements indicate that, during all seasons, deep overburden
groundwater flow is towards the Pawtuxet River. That is, groundwater flow is from north
to south in the Production Area and Waste Water Treatment Area, and from south to
north in the Warwick Area. Groundwater elevations in the deep overburden across the
site ranged from roughly 7to 19 ft above mean sea level (MSL). The highest elevations
were measured in the spring and winter. The maximum difference in elevations between
seasons was about 2 ft. Horizontal gradients ranged from 0.004 in the Waste Water
Treatment Area, to 0.02 along the bulkhead in the Production Area. Horizontal
gradients appear to be similar during all seasons. -
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2.3.4.1.3 Vertical Gradients

Warwick _ o

Other than those in SWMU-5, all but one of the overburden well pairs in the Warwick

- Area showed upward vertical gradients. Overall, the magnitude of the gradients dropped
from April 1993 to January 1994, being the highest in April, and the lowest in January,
with a slight increase between April and July. Positive vertical gradients ranged from
0.009to 0.151.1In the case of piezometer pair P-26S/P-26D, the gradient shifted from
being positive (upward) in April to being negative (downward) in July, October and
January. The negative vertical gradients measured in these plezometers ranged from -
0.009 to -0.027.

Vertical gradients between shallow and deep overburden, and between deep overburden
and bedrock were measured in SWMU-5. In the overburden, vertical gradients were
positive (upward). Neither of the overburden pairs measured in this area were measured
during all four quarters, but the measurements suggest that an overall decrease in
magnitude occurred from April to January. The vertical gradients measured in these
pairs ranged from 0.062 to 0.079. The vertical gradients in the deep overburden/bedrock
ranged from negative in April (-0.123), to slightly positive in July (0.007), to slightly
negative in October (-0.005).

Waste Water Treatment Area

The one overburden well pair (MW-15S/MW- 15D) measured in the Waste Water )
Treatment Area showed an upward vertical gradient. The seasonal variations in this pair
was similar to that seen in most of the wells in the Warwick Area - generally decreasing
“in magnitude from April to January. Vertical gradients measured in this pair ranged
from 0.136 to 0.178. '

Production Area

Of the 14 overburden well pairs measured in the Productlon Area, 4 had consistent
positive vertical gradients, and 4 had consistent negative vertical gradients. The
remaining 6 varied between negative and positive. The vertical gradients measured in
the overburden/bedrock pair in this area reversed from positive in April to negative for
the remaining three periods. There were no obvious seasonal trends in vertical gradients
in the Production Area.

Off Site

Vertical gradients between shallow and deep overburden, and between deep overburden
and bedrock were measured in off-site wells and piezometers. In April 1993, one of the
off-site shallow/deep overburden pairs (P-20S/P-20D) showed a strong positive gradient
(0.61), while the other overburden pair and the overburden/bedrock well pair showed
negative vertical gradients. In July, all of the measured pairs had slightly positive
gradients. In October and January, the overburden pairs showed negative gradients,
while the overburden/bedrock well pair continued to show positive vertical gradients.
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Overall, the overburden pair MW-19S/P-24D and the overburden/bedrock pair showed
very small vertical gradients (-0.001 to 0.24) which fluctuated from negative to positive,
and the overburden pair (P-20S/P-20D) showed a broader range of variation (-0.045 to
0.153).

2.3.4.2 Continuous Groundwater Level Measurements

Groundwater levels measured from June 1992 through December 1992 were discussed in
the Stabilization Investigation Report and Design Concepts Proposal.- During this
monitoring period, groundwater level elevations in MW-1S and MW-1D were relatively
stable. The elevations were generally slightly higher in MW-1S than MW-1D. However,
this trend was frequently reversed after precipitation events because the deeper
overburden at MW-1D is slightly confined, and as such, had a greater response (i.e.,a
greater increase in hydraulic head) due to the changes in hydraulic pressure caused by
infiltration. MW-1D is also screened below the bulkhead and will respond more to
changes in the river elevation. Increases in groundwater levels occur shortly after
precipitation events that are generally greater than 0.5 inches in 24 hours. Recovery of
groundwater levels took from 1 to 10 days after precipitation.

The MW-10S and MW-10D hydrographs for the period of July 1992 through December
1992 are provided in the Stabilization Investigation Report and Design Concepts
Proposal. Throughout this monitoring period, these data showed very consistent trends
of 1) slightly higher elevations in MW-10S than in MW-10D, and 2) vety minor (less
than 0.5-foot) increases in elevation in both wells corresponding to rainfall events.

During Phase II, water level monitoring data for MW-1S and MW-1D were collected
during the months of February, June, July, and December 1993, and January and
February 1994. The hydrographs of these data are presented in Appendix 2-D. (Note:
Water levels were not collected continuously during Phase II due primarily to instrument
malfunction).

The water level in MW-1S was higher than the piezometric surface elevation of MW-1D
during June and July 1993. Toward the end of this monitoring period, there was a
reversal with MW-1D having a higher piezometric surface elevation than MW-1S. The
December, January, and February 1994 groundwater elevations for MW-1S and MW-1D
also showed MW-1D with the higher elevation of the two wells. The groundwater
elevations are relatively steady during this period with the recharge from several of the
larger precipitation events appearing as spikes on the hydrographs presented in Appendix
2-D. :

Water levels were collected continuously during Phase II in MW-10S and MW-10D from
February through July of 1993. The hydrographs of these data are presented in '
Appendix 2-D. In contrast to MW-1S and MW-1D, MW-10S and MW-10D did not
respond sharply to recharge from precipitation. Recharge from precipitation events in

S:\87X4660\RFIRPT\TEXT\d001102. W52 '10:40]uly 28; 1995
2-25 o


file://S:/87X4660/RFIRPT/TEXT/d001iO2.W52

MW-10S and MW-10D occur as rounded slopes on the hydrographs. The groundwater
elevation increases slowly and levels off generally from 5 to 7 days after a precipitation
event. The increase .in elevation due to precipitation is generally small, from 0.2 to 0.4
feet. The groundwater elevation difference between MW-10S and MW-10D are smaller
than the differences in elevation between MW-1S and MW-1D.

2.3.4.3 Continuous Surface Water Measurements

The elevation of the Pawtuxet River from February 1993 through March 1993 generally
varied from about 7 to 13 feet MSL; also, fluctuations in the river of 0.3 to 0.9 feet were
noted daily. These daily variations are higher than the variations .of 0.1 to 0.3 feet
noted during the July 1992 to January 1993 monitoring period. The water level response
due to infiltration from precipitation events ranged from less than 0.5 feet to more than
a 3 foot increase. As stated in the Stabilization Investigation Report and Design
Concepts Proposal, the river response to precipitation is closely mirrored by the -
corresponding groundwater response in MW-1S and MW-1D. Immediately after a
precipitation event there is a rapid rise in the elevation of the river followed by a slower
decline. This indicates that the overburden groundwater is interconnected with the water
in the river. '

In March 1993, the river stage rose 5.5 to 6 feet above normal due to snow melting after
the winter. In April 1993, the river stage leveled off at 4 feet above its previously
average level. No data are available after April 1993 because the staff gauge was
dislodged from its reference point.

2.3.5 Hydrogeochemistry

The results of hydrochemistry analyses show the hydrochemical facies of the groundwater
in the shallow overburden aquifer. Samples from the shallow overburden monitoring
wells illustrates that there is a dominance of calcium-bicarbonate-type groundwater. The
level of bicarbonate dominance suggests that the shallow overburden aquifer receives

" significant recharge. Groundwater samples such as MW-9S show a change toward both
sodium-chloride and sodium-sulphate-type water suggesting a period of longer residence,
most likely in a fine-grained material. '

The hydrochemical facies of the groundwater in the deep overburden aquifer, as
measured by sampling the deep overburden monitoring wells, shows an ionic distribution
similar to that of the shallow wells. The similarity of the shallow and deeper overburden
results shows good hydraulic connection between the shallow and deep overburden.

This connectivity is supported by the chemical similarity of the shallow and deep -
groundwater.
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The hydrochemical facies of the groundwater in the bedrock aquifer, as measured by
sampling the bedrock monitoring wells, shows no dominance of any particular ion. The
three separate zones (shallow, deep or bedrock) do not show significant differences in
major ion distribution.

2.3.6 Aquifer Testing

This section presents a summary of the results of the aquifer testing conducted durihg
Phase I and the Stabilization Investigation as well as a summary of representative values
of aquifer characteristics for the stratigraphic units.

2.3.6.1 Phase I Estimates of Hydraulic Conductivity

The hydraulic conductivity estimates obtained from the grain size distribution for the
Sand/Fill and Fine Sand units were as follows:

Hazen Method Kozeny-Carman Method
(ft/day) (ft/day)
Geometric ' Geometric
Unit Range Mean Range Mean
Sand/Fill | 28.3-86.5 54 | 1.9-6,134 57.2
Fine Sand 0.3 - 150.3 68 0.1- 11,055 7.2

The range of estimates from the Kozeny-Carman method is large and is not
representative of the aquifer lithologies observed. Estimates from the Hazen method are
more consistent with the range of values observed from in situ testing, but are generally
too high.

Overall, the estimates of hydraulic conductivity obtained from grain size distributions are
high; the results from in situ testing are much more representative of the hydraulic
conductivity at the Site.

Hydraulic conductivities calculated from the Phase I slug tests ranged from 0.013 to 156
feet per day. Possible causes of this large range of values include natural variation in the
stratigraphic units and inappropriateness of slug testing to some wells and formations.
Theoretically, hydraulic conductivity values generated by the falling head tests should be
close to the values generated by the rising head tests. Differences between the values
generated by these two test methods suggest the magnitude of error variance possible in
these tests. At best, the slug test values should be regarded as approximations of the
aquifer properties.
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Due to the level of inaccuracy of the Phase I hydraulic conductivity estimates, detailed
aquifer testing was conducted during the Stabilization Investigation. These tests are
described in the sections that follow.

2.3.6.2 Step-Drawdown Tests

The step drawdown test results showed that the drawdown in RC-1 increased from about
2.0 feet in the 20 gpm step to 3.5 feet in the 38 gpm step and to 4.6 feet in the 56 gpm
step. The maximum drawdown was 1.3 feet in P-32S and 2.7 feet in the P-32D (located
9 and 15 feet southeast of RC-1, respectively). Based on these results, a pumping rate of
30 gpm was selected for the 72-hour constant rate test at RC-1.

In RC-2, the maximum drawdown increased from about 7.5 feet in the 6 gpm step to 19
feet in the 12 gpm step to- 27 feet in the 15 gpm step. The maximum drawdown was less
than 1 foot in the P-33S and P-33D (located 7 and 13 feet southeast of RC-2,
respectively). Based on these results, a pumping rate of 10 gpm was selected for the 72-
hour constant rate test at RC-2.

The well efficiency/head loss results (calculated using the Hantush-Bierschenk method as
described in the Stabilization Investigation Report and Design Concepts Proposal)
indicated that 83% of the total head loss in RC-1, and 62% in RC-2, was attributable to
laminar flow. These results indicate that RC-1 is very efficient and RC-2 is less efficient.
The specific capacity of RC-1 was 9.4 gpm/ft in each of the three steps. The specific
capacity of RC-2 ranged from 0.4 to 0.7 gpm/ft from step 1 to step 3. These results
suggest that the three pumping rates for RC-1 did not stress the aquifer enough to
calculate the maximum potential sustainable drawdown in RC-1. Thus, the well
efficiency (83 %) calculated for RC-1 may not be accurate. For RC-2, the broader range
of specific capacity values reflects both the inefficiency of the well and its low potential
yield. '

2.3.6.3 ° 72-Hour Constant Rate Tests
RC-1 Test

The dfawdown responses from the RC-1 and RC-2 tests are presented in the
Stabilization Investigation Report and Design Concepts Proposal. The maximum

drawdown measured in RC-1 was 3.76 feet. The maximum drawdown in P-32S (10 feet
from RC-1) and P-32D (15 feet from RC-1) was 2.03 and 1.29 feet, respectively. Wells
and piezometers close to the bulkhead (P-1S, P-1D, MW-3S, MW-29S, MW-29D, P-29D,
MW-30S, MW-30D, and P-30D) generally had a response of about 0.5 feet or less of
drawdown.
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The cone of influence from pumping RC-1 was relatively flat, fairly circular, and wide.
Drawdown was greater in the shallow wells than in the deeper wells, suggesting that the
Gravelly Sand and Fine Sand units are hydraulically connected at this location, and that
water is being extracted both downward from the shallow aquifer (drawing down the
water table) and horizontally from the deep aquifer.

In the vicinity of RC-1, transmissivity values calculated using the Neuman solution in the -
AQTESOLV™  program (Geraghty and Miller, Inc., 1989) ranged from 0.6to 3.7
ft’/min (864 to 5328 ft*/day); storativity values ranged from 0.001 to 0.05. In the shallow
wells, transmissivity values ranged from 0.6to 2.9 f/min and storativity values ranged
from 0.001 to 0.05; in the deeper wells, transmissivity ranged from 1.1 to 3.7 ft*/min and
storativity ranged from 0.001 to 0.004. These transmissivity values are higher than
predicted from the Phase I data, but are consistent with the drawdown responses
measured during the test. These properties suggest a very transmissive aquifer in the
vicinity of RC-1.

RC-2 Test

The results from the 72-hour constant rate test at RC-2 showed a maximum drawdown in
RC-2 of 21.63 feet. The maximum drawdown in P-33S and P-33D (located about 7 and
13 feet from RC-2, respectively) was 0.48 and 0.41 feet, respectively. No drawdown was
measured in P-1S or P-1D. The drawdown in P-2S was 1.08 feet; drawdown in P-2D was
0.51 feet.

The cone of influence from pumping RC-2 is limited in area. In general, drawdown was
slightly greater in the deeper wells than in the shallow wells. This is consistent with the
stratigraphy at RC-2 - the Silt unit has a lower permeability than the Sand/Fill and Fine
Sand units above and below it, so the Fine Sand unit becomes semi-confined. An
exception to this result is at MW-2S - the Transitional Gravel unit above the Fine Sand
unit at MW-2S is more transmissive and resulted in more drawdown than at locations
where the Transitional Gravel unit was not present (i.e.,north and east of RC-2).

In the vicinity of RC-2, transmissivity values ranged from 0.02to 0.9 ft/min and
storativity values ranged from 0.001to 0.16. The transmissivity values are generally
lower than predicted from the Phase I tests. However, the RC-2 test results are
consistent with the drawdown responses measured during the test and the stratigraphic
properties of the units in the vicinity of RC-2.
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2.3.64 30-Day Constant Rate Test

Hydrogeological Results from the 30-Day Constant Rate Test

Results from the 30-day constant rate test indicated a significant and sharply decreased
drawdown after day 10 of the test in both the shallow and the deep overburden
wells/piezometers monitored because of the 4 inches of rain that fell from 11 to 14
December 1992. Rapid recharge was measured in the Production Area during and
directly after this storm.

Drawdown near the bulkhead from the pumping of RC-1 and RC-2 during the 30-day
test varied from 0.15 feet at P-1D to 2.5 feet at P-37S. Pumping both RC-1 and RC-2
simultaneously did not produce convergence (intersection) of the drawdown cones. Two
explanations of this non-convergence are possible. First, the stratlgraphy present in the
vicinity of MW-2S causes much of the drawdown (from pumping RC-2) to propagate
toward the more permeable Transitional Gravel unit instead of propagating radially from
RC-2. Second, aquifer recharge from precipitation and mﬁltratlon counteracted the
drawdown after day 10 of the test.

Boundary effects are evident from the drawdown data when the curve of the test data
deviates from the theoretically predicted curve (or "type curve"). Possible deviations
include 1) a rate of drawdown over time that is higher than predicted suggesting an-
impermeable boundary (i.e.,the bulkhead), and 2) a rate of drawdown lower than
predicted suggesting a recharge boundary (i.e.,the river). Evaluations of the
groundwater level data during the 30-day constant rate test indicate that the bulkhead
acts as an unpermeable boundary, especially in the shallow units (above the Fine Sand
unit). Based on the water level data and responses to pumping RC-1 and RC-2, no
other hydraulic boundaries were observed.

Analytical Results from the 30-Day Constant Rate Test

The analytical results from groundwater sampled during the 30-day constant rate test are
presented in the Stabilization Investigation Report and Design Concepts Proposal. Two
trends are evident in these analytical data:

1. Over time, fairly consistent levels of iron (about 20,000 ppb in RC-1 and
9000 ppb in RC-2) and manganese (about 700 ppb in RC-1 and 1200 ppb
in RC-2) were detected in the groundwater samples collected during the
30-day constant rate test.

2. In both RC-1 and RC-2, concentrations of chlorobenzene, toluene, and
xylenes increased initially (generally, for the first 2 to 7 days) and
decreased gradually over the rest of the 30-day constant rate test; these
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results suggest that decreases in these three constituents will continue until
a steady state is reached, but is not possible to predict (based on these
analytical results) when a steady state would be achieved.

2.3.7 General Discussion of Hydrogeology (Detailed Hydrogeological Model)

This section presents a general discussion of the results of the Phase I, stabilization, and
Phase II hydrogeological investigations. This general discussion of the Site hydrogeology
is the basis for the detailed Site hydrogeological model. This model is the basis by which
On-Site groundwater flow, and the transport of contaminants, are evaluated.

The following Site hydrogeological features are discussed in this section:

general hydrogeological properties of the stratigraphic units;
regional groundwater flow influences on Site hydrogeology;
seasonal and other influences on groundwater elevations;
horizontal and vertical gradients and flow directions;
interaction of the groundwater between stratigraphic units;
interaction of groundwater and the Pawtuxet River;
groundwater flow rates;

the effect of manmade features on groundwater flow.

The following sections present the detail on these Site hydrogeological properties. |

23.7.1 General Hydrogeological Properties of the Stratigraphic Units

This section discusses the general hydrogeologic features of each of the stratigraphic
units at the Site. The stratigraphic units are described in Section 2.2.3.3. The following
is a description of the hydrogeological features of these units: :

Sand/Fill unit - the Sand/Fill unit is the uppermost unit throughout the Site and is
characterized by a high degree of variability of the geologic materials present.
Precipitation infiltrates directly through this unit, reaching the water table and flowing
primarily horizontally. The depth to the water table varies from about 4 to 11 feet below
the ground surface yielding a saturated thickness generally ranging from 2 to 9 feet.

In the Production Area, this unit is predominantly silty sand, has a thickness of about 6
to 13 feet, an average transmissivity of 1.22 ft’/min, and hydraulic conductivity values

" ranging from 135 to 293 ft/day. The direction of groundwater flow in the Production
Area Sand/Fill unit is southeastward, toward the river.
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In the Warwick Area, the Sand/Fill unit is composed primarily of poorly graded sands
with thicknesses ranging from 10 to 22 feet. The estimated transmissivity of the

Sand/Fill unit in the Warwick Area, based on a comparison of properties to that in the
‘Production Area, is 1 to 2 fi/min which yields hydraulic conductivity values ranging from
65 to 288 ft/day. The direction of groundwater flow in the Warwick Area Sand/Fill unit
is northwestward, toward the river.

In the Waste Water Treatment Area, the Sand/Fill unit is composed primarily of poorly
graded sands with thicknesses ranging from 12 to 16 feet. The estimated transmissivity
of the Sand/Fill unit in the Waste Water Treatment Area, based on a comparison of
properties to that in the Production Area, is 1 to 2 ft/min which yields hydraulic
conductivity values ranging from 90 to 240 ft/day. The direction of groundwater flow in
the Waste Water Treatment Area Sand/Fill unit is southeastward, toward the river.

The Sand/Fill unit is hydraulically connected to the underlying Silt or Gravelly Sand
units. Characteristically, the Sand/Fill unit is low yielding due primarily to its 11m1ted
thickness.

Silt unit - The Silt unit underlies the Sand/Fill unit at most locations on Site. The Silt
unit is composed of silt, silty sand, silty clay, and clay and varies in thickness from less
than 2 feet in the Production Area to up to 39 feet in the eastern portion of the Warwick
Area. The Silt unit is absent only in the northern and eastern portions of the Production
Area where the Gravelly Sand unit is present and in some of the off-site areas that were
investigated (at locations P-20 S/D and RW-4).

The Silt unit is relatively impermeable in comparison to the Sand/Fill unit above and the
Fine Sand unit below it. In most areas where present, the Silt unit acts to semi-confine
the underlying Fine Sand unit. This semi-confining pressure generally results in higher
piezometric pressure in the deep overburden; which causes an upward hydraulic gradient
between the shallow and deep overburden. Vertical hydraulic gradients are discussed in
detail in Section 2.3.7.3. '

The hydraulic properties of the Silt unit are generally not measured. Based on the
responses to pumping RC-1 and RC-2 during the stabilization aquifer tests, it is
estimated that the hydraulic conductivity of the Silt unit is at least one to two orders of
magnitude lower than that of the overlying Sand/Fill unit or the underlying Fine Sand
unit. Vertical transport through the Silt unit is expected to be at least one order of
magnitude lower than horizontal transport.

Gravelly Sand unit - The Gravelly Sand unit is present below the Sand/Fill unit in the
northern and eastern portion of the Production Area, and in the off-site areas at P-
20S/D and RW-4. The extent of the Gravelly Sand unit is described in detail in the

Stabilization Investigation Report and Design Concepts Proposal.
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The Gravelly Sand unit contains a mixture of sand, silt, clay and gravel. The thickness of
this unit in the Production Area varies from less than 1 foot to about 25 feet at MW-
12D. The hydraulic properties of this unit were measured from the aquifer test at RC-1
(described in Section 2.4.7.3). The average transmissivity of this unit is 1.09 ft*/min and
the hydraulic conductivity varies from about 60 to 1,570 ft/day.

The Gravelly Sand unit is hydraulically éonnected to the underlying Fine Sand unit.
Where this unit is present, the combined yield of the two overburden units (which is in
excess of 100 gallons/min.) is significantly higher than in other areas of the Site.

In most areas this unit receives recharge from the overlying Sand/Fill and Silt units.
Groundwater flow in this unit is primarily horizontal, in a southeastward direction toward
the river. The piezometric surface in the Gravelly Sand unit varies from about 4 to 11
feet below the ground surface. :

Fine Sand unit - The Fine Sand unit is present throughout the Site below the Silt or
Gravelly Sand unit. This unit is characterized by the relatively homogeneous nature of
the fine and very fine sands and silts. The thickness of the Fine Sand unit varies from
about 15 to 45 feet in the Production Area, 5 to 35 feet in the Warwick Area, and about
5 to 37 feet in the Wastewater Treatment Area.

Due to the relatively homogeneous nature of the Fine Sand unit, it is expected that the
transmissivity of the unit will fall within the range of average values calculated from the
aquifer test data, from 0.58 to 4.05 ft*/min. The hydraulic conductivity will range from
about 20 to 1,150 ft/day.

Flow in the Fine Sand unit is toward the river in each of the Site areas. Groundwater
flow in this unit is influenced primarily by the dip of the underlying bedrock and the .
thickness of the confining Silt unit above it. Both of these factors have an influence on
the horizontal and vertical hydraulic gradients measured in this unit.

Till unit - The Till unit is present below the Fine Sand unit throughout most of the Site
(except in the eastern portion of the Warwick Area) at thicknesses ranging from 2 to 15
feet. The Till unit overlies the bedrock and is composed of a poorly sorted mixture of

materials ranging in size from clay to rock fragments.

The transmissivity and hydraulic conductivity of the Till, while not directly measured, are
expected to be much lower than in the overlying Fine Sand unit. These lower hydraulic

properties restrict the interaction of the Bedrock and Fine Sand unit groundwater. The

Till unit also generally acts as a confining unit for the groundwater in the bedrock which
generally results in higher piezometric surface elevations in the bedrock.
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Bedrock - The bedrock at the Site is a quartz-biotite sandstone and shale which varies in
depth from about 28 feet at P-19D in the Waste Water Treatment Area to 91 feet in the
Warwick Area. There have been no measurements of hydraulic properties of the
bedrock. The bedrock groundwater has limited interaction with the overburden
groundwater due to the presence of the Till confining unit above it, and because of the
generally upward gradient between the deep overburden and the bedrock.

The surface elevation of the bedrock is a controlling factor in the flow of groundwater in
the overburden. The bedrock highs, which are present in the Waste Water Treatment
Area (in the vicinity of MW-15S/D) and in the Off-Site Area (in the vicinity of RW-4),
increase the hydraulic gradient. This is shown on the water level contour maps (Figures
2-11 and 2-12).

2.3.7.2 Seasonal and Other Influences on Groundwater Elevations

Groundwater elevations were collected monthly across the Site, and on a continuous
basis in selected wells as described in Section 2.3.4.2. The overburden groundwater
shows a pattern of fluctuating elevations that are affected by both seasonal influences
and precipitation.

Seasonal Influences on Groundwater Elevations

Seasonal influences on groundwater elevations are noted across the Site in a similar
manner. The highest groundwater elevations in Phase II were generally noted in the
early spring (March and April) which corresponds to the time when recharge from
snowmelt and higher average rainfalls are received. The lowest groundwater elevations
were generally noted in late summer (August) due to greater evapotranspiration and
lower average rainfall.

Seasonal changes in groundwater elevations have essentially no effect on groundwater
flow patterns. The seasonal groundwater contour maps of the shallow and deep
overburden (Figures 2-11 and 2-12) show the same general pattern of flow toward the
river from both the Production and Warwick Area sides.

Seasonal changes in groundwater elevations also have essentially no effect on horizontal
and vertical hydraulic gradients. The horizontal gradients remain similar during each
season as noted in Section 2.3.4.1. Vertical gradients are also not affected by seasonal
groundwater elevation changes, as noted in the data presented in Table 2-4. As such,
the predominant upward gradient that is present between the deep overburden and the
shallow overburden is not affected by seasonal groundwater changes.
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Precipitation Influences on Groundwater Elevations

Groundwater elevations are most sensitive to recharge from precipitation. Recharge is
rapid in both the shallow and deep overburden and more pronounced near the river
(based on the water level responses to rainfall monitored in MW-1S/D) as compared to
those monitored in MW-10S/D). In areas where the deep overburden is semi-confined,

_ the response to recharge in the deeper well is somewhat dampened when compared to
the response noted in the shallow well. Further detail on the effects of precipitation on
groundwater elevations is provided in Sections 2.3.4.2and in the hydrographs provided in
Appendix 2-D. ' :

Atmospheric Pressure Influences on Groundwater Elevations

Changes in water levels in response to changes in atmospheric or barometric pressure
were not noted in the shallow or deep wells monitored. Such changes are not expected
at the water table because it is at atmospheric pressure and any barometric pressure
changes are transmitted in the same manner to the aquifer as they are to the well.

Atmospheric pressure changes were expected to have an effect on water levels in the
semi-confined deeper overburden. Generally, in semi-confined aquifers, an increase in

~ barometric pressure would results in a decrease in the piezometric head measured in
the well, and visa versa. Such changes were not noted in Site wells. This shows that the
deep overburden is hydraulically connected to the shallow overburden and to the river.
Since the river and the shallow overburden are at atmospheric pressure, changes in
atmospheric pressure are propagated quickly through the deep overburden and into the
river and shallow overburden. As such, the deep overburden acts as an unconfmed
aquifer at the Site with respect to changes in atmospheric pressure.

2.3.7.3 Horizontal and Vertical Gradients and Flow Directions

Groundwater flow in the shallow and deep overburden is directed by two major factors:
1) the presence of the Pawtuxet River which is in direct communication with the
overburden groundwater, and 2) the bedrock surface elevation which influences the
hydraulic gradient of the water table.

Groundwater flow in the overburden is directed toward the river. Cross-sectional flow
diagrams (Figures 2-12 and 2-13) show the relationship of flow in the shallow and deep
overburden with the river. The cross-sectional flow diagram along geologic
cross-section B (Figure 2-12) shows flow toward the river from both the Production and
Warwick Areas. :

This diagram also shows the effect of the bulkhead on flow into the river, i.e. the change
in vertical flow direction from upward (with discharge into the river) to downward flow
around the bulkhead. The bulkhead also directs shallow groundwater flow into the
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deeper Fine Sand unit before it is discharged into the Pawtuxet River. The bulkhead
also affects the placement of the equipotential lines, as shown on Figure 2-12, by shifting
them towards the Warwick Area. Without the presence  of the bulkhead, these
equipotential lines would be expected to align directly under the river.

Cross-sectional Flow Diagram C is shown on Figure 2-13. This section shows flow from
the Waste Water Treatment Area and the Warwick Area going into the river, without
the influence of the bulkhead. This diagram also shows the effect of the bedrock
surface elevations on groundwater flow. The relatively sharp decrease in the surface
elevation of the bedrock from the Waste Water Treatment Area to the Warwick Area
affects the vertical flow component as shown by the plunging equipotential lines in the
Warwick Area. Under conditions where the bedrock surface elevation is relatively flat
(as shown in Section B, Figure 2-12), the equipotential lines would be mirror images on
both sides of the river. '

Hydraulic gradients for horizontal and vertical flow have been calculated using the data _
presented in each of the four seasonal flow diagrams (Figures 2-10 and 2-11). A
summary of the range of hydraulic gradients calculated are as follows:

_ Production @ Warwick Waste Water-
Hydraulic Gradients Area Area Treatment Area
Horizontal-Shallow Water Table  0.004 to 0.005t0 0.01 0.01to 0.02
0.04
Horizontal-Deep Overburden 0.005to 0.002to 0.008 0.006to0 0.01
0.02
Vertical-Shallow/Deep : 0.001to0 0.009to0 0.151 0.136to0 0.18
Overburden 0.08

Shallow and deep horizontal hydraulic gradients in the Production Area were lowest in
the northern portion and highest near the bulkhead. The vertical hydraulic gradients in
the Production Area were generally upward in the northern portion and downward in the
vicinity of the river. This consistent trend of groundwater gradients shows the following
for the Production Area:

. the bulkhead is a major influence on groundwater flow - it steepens the
shallow horizontal gradient and reverses the vertical gradient in its vicinity;
the overburden groundwater is hydraulically connected to the river; and
there is limited to no interaction with the bedrock groundwater
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In the Warwick Area, the water table horizontal hydraulic gradients were lowest in the
southern portion and highest near the river. The predominant upward vertical gradient
in the Warwick Area also shows the interconnection of the overburden groundwater with
the river and the lack of interaction with the bedrock groundwater. ‘Groundwater in the
Waste Water Treatment Area behaves similarly to that in the Warwick Area.

2.3.74 Interaction of Groundwater Between Stratigraphic Units

The interaction of groundwater between the stratigraphic units was evaluated from the
groundwater elevation data and the aquifer test results. Groundwater in the overburden
behaves essentially as one unit, i.e.,the Sand/Fill, Silt, and Fine Sand units are
hydraulically interconnected. The degree that the overburden units are interconnected
varies at different locations of the Site, dependent primarily on the presence, thickness,
and composition of the Silt unit.

In the Production Area where the Silt unit is relatively thin (up to about 15 feet thick) or
absent, and is composed of variable percentages of sand, the hydraulic interconnection
between the Sand/Fill and Fine Sand units is greater. This was proven in the constant
rate -aquifer tests where the Silt unit acted as a leaky confining unit, i.e. water migrated
from the Silt unit to the Fine Sand unit when it was pumped. In the Warwick Area
where the Silt unit is thickest (up to about 40 feet) and generally has a higher percentage
of clay, the hydraulic connection between the shallow and deep overburden is expected
to be less.

There is limited hydraulic connection between the Fine Sand unit and bedrock. This is
based on the presence of the Till unit which was found in each deep boring with the
exception of the borings advanced for the following well clusters: MW-6S/P-18D/RW-3,
MW-17S/D, P-22S/D, and MW-195/P-24D. '

The Till unit restricts the hydraulic connection between the overburden and bedrock in
two ways. First, the Till unit has a lower permeability than the overlying deep
overburden, thus reducing the potential for groundwater to move downward and through
it. Second, the Till unit generally acts to confine or semi-confine the underlying bedrock
aquifer. The confining/semi-confining pressure caused by the overlying Till unit results
in higher piezometric pressure in the bedrock aquifer, which results in either an upward
vertical hydraulic gradient between the deep overburden and bedrock aquifer or a
piezometric surface elevation in the bedrock that is higher than the surface elevation of
that unit.

As presented in the Revisions to the Phase I Interim Report and Phase II Proposal, July
1993, the vertical gradients are predominately upward, indicating that groundwater in the
shallow overburden is not migrating downward into the bedrock. In general, these
upward vertical gradients are consistent in each of the water level measurement rounds.
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2.3.7.5 Interaction of Groundwater and the Pawtuxet River

Groundwater in the overburden units is hydraulically interconnected to the Pawtuxet River.
The groundwater flow directions and general upward hydraulic gradients clearly show this
interconnection. The direction of groundwater flow, the hydraulic gradients, and the
influence of the bulkhead on groundwater flow were discussed in other parts of this Section.
The rapid response to rainfall in the aquifer, the in-river wells, and the river, also shows the
interconnection of the overburden groundwater with the river. Similar changes in water
level elevations were noted both on a seasonal basis and in response to precipitation events.
This is discussed in the previous reports, and in the hydrographs in Appendix 2-D.

The volume of groundwater that flows from the Production Area into the Pawtuxet River
was estimated using the following flow net analysis:

Q = (mKH/n)(dm/ds)
where: Q = flow net discharge rate
m = number of flow tubes
K = hydraulic conductivity
H = head drop across the region of flow
n = number of divisions of head in flow net
dm/ds = ratio of vertical to horizontal scales of flow net

From the stabilization aquifer tests, transmissivity and storativity data for each of the
overburden units were generated. The transmissivities (T) values of each unit were used to
~ calculate the hydraulic conductivity (K) of the unit. '

The results of the flow net analysis are as follows:

1) The Gravelly Sand unit in the Eastern Portion of the Production Area:

T 22 ft’/min, b = 7 ft, therefore: K = 0.17 ft/min = 245 ft/day
m _

n

H

nogon

ft
dm/ds = 10 f/100 ft = 1/10

Q = (1 [245 f/day] 5 ft/5)(1/10) = 24.5 f’/day/ft along river

Therefore, the groundwater flow from the Gravelly Sand unit of the Production Area into
the river is 24.5 ft’/day/ft along the river times 220 feet of river frontage = 5390 ft’/day.
Since the Gravelly Sand unit represents about 42% of the upper flow tube in this part of the
Production Area as shown in geologic section B (Figure 2-17), the total flow from this unit is
42% of 5,390 ft’/day or 2,246 ft’/day.
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2) The Fine Sand unit in the Eastern Portion of the Production Area:

T = 1.68 f*/min, b = 45 ft, therefore: K = 0.04 ft.min = 58 ft/day
m=3 ' : -
n==6

H=6ft

dm/ds = 10 ft/100 ft = 1/10

Q = (1 [58 ft/day] 6 ft/6)(1/10) = 17.4 ft*/day/ft along river

Since the upper flow tube of Section A (or B) is 42% Gravelly Sand which is accounted for
in 1), the remaining 58% is Fine Sand. Subtracting 42% of the flow estimated from the
upper flow tube reduces the total flow from the Fine Sand unit to 15.0 ft*/day/ft along this
portion of the river. Therefore, the groundwater flow from the Fine Sand unit in geologic
section B into the river is 15.0 ft’/day/ft times 220 feet of river frontage = 3,300 ft*/day.

3) The Sand/Fill unit in the Western Portion of the Production Area:

T= 0.91 ft*min, b = 8 ft, therefore: K = 0.11 ft/min = 158.40 ft/day

m=1
n=2
H=2ft

dm/ds = 10 ft/50 ft =1/5
Q = (1 [158.4 f/day] 2 fu/2)(1/5) = 31.68 ft'/day/ft along river

Therefore, the groundwater flow from the Sand/Fill unit of geologic section A (Figure 2-6)
into the river is 31.68 ft’/day/ft times 250 feet of river frontage = 7,920 ft’/day.

4) The Fine Sand unit in the Western Portion of the Production Area:

T =.0.27 ft/min, b = = 37 ft, therefore: K = 0.007 fmin = 10.1 ft/day
m =2

n=2

H=3ft

dm/ds = 10 ft/50 ft =1/5

Q = (2 [10.1 ft/day] 3 ft/2)(1/5) = 6.06 ft*/day/ft along river

Therefore, the groundwater flow from the Fine Sand unmit in geologic section A into the river
is 6.06 ft'/day/ft times 250 feet of river frontage = 1515 ft’/day.

The total flow from the overburden groundwater of the Production Area into the Pawtuxet
River is obtained by adding the discharges of each of the four units of the two sections.
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This total is 14,981 f*/day or 112,058 gallons/day (15,000 ft’/day or 112,000 gallons/day
rounded).

Since aquifer tests were not conducted in the Warwick and Waste Water Treatment Areas,
the discharge of groundwater from the overburden units into the river from these areas was
estimated based on the size of the discharge area (i.e. shoreline) relative to that of the
Production Area. The similarities of the overburden properties in the Site areas makes this
assumption reasonable. This estimate yields a discharge of 45,000 ft'/day for the Warwick
Area and 15,000 ft*/day for the Waste Water Treatment Area -336,000and 112, 000
gallons/day, respectively.

2.3.7.6 Groundwater Flow Rates

Groundwater flow was estimated from the aquifer tests conducted in the Production Area
during stabilization. Based on these tests and the similarity of the properties of the
stratigraphic units in the different Site areas, the following are the range of transmissivity,
storativity, and hydraulic conductivity values for the overburden units:

Aquifer Values Sand/Fill unit ~ Fine Sand unit
Transmissivity (f/min) 1.1to0 1.2 0.60 to 4.1
Storativity (unitless) 0.004t0 0.24 0.003 to 0.005
Hydraulic Conductivity (ft/day) 176 to 864 19 to 1180
Velocity (ft/day) . 6t0 28 _ - 0.6t0 38

The velocity (v) is calculated from v = Ki/n, where i is the average horizontal hydraulic
gradient in the shallow and deep overburden across the Site (0. 008) and n is the average
porosity (0.25) of the Sand/Fill and Fine Sand .units as presented in the Phase 1 Interim

Report.

These values show a wide range of properties for the overburden. units at the Site. This is
reflective of the varying composition and thicknesses of these units as discussed in Section
2.2.3.3and 2.3.7.1.

2.3.7.7 Effects of Manmade Features on Groundwater Flow

Manmade features that are present on the Site were evaluated for their effect on
groundwater flow. These features include the bulkhead in the Production Area, the buried
structures in the Production Area, and the pavement present on several portions of the Site.
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The effects of the bulkhead on groundwater flow were previously discussed. The bulkhead
generally causes groundwater elevations in the shallow overburden to be artificially high

~ which causes a downward gradient near it. This downward gradient reverses groundwater
flow which results in groundwater flowing from the Sand/Fill unit into the deeper Fine Sand
unit and then into the river. '

The structures that were present in the Production Area when the Site was active were
demolished in-place. Those structures that contained basements were generally filled with
the construction rubble from the demolished buildings. The effect of these buried debris-
filled basements on groundwater flow is believed to be minimal since these basements are
predominantly above the water table. '

Several areas on Site are paved with asphalt or concrete. These areas represent a minor
percentage of the total available space. Since the effect of precipitation recharge on
groundwater elevations was rapid across the Site, the pavement does not have any
measurable effect on the response to recharge from precipitation. This is due to the
discontinuous nature of the pavement present and its poor overall integrity.

2.3.8 Summary of Site Hydrogeology
This section described the objectives, methods, analyses, and results of the hydrogeological

investigations and presented the detailed hydrogeological model based on those results. The
following conclusions on the Site hydrogeology formed the basis of this model:

° groundwater that is present in the Sand/Fill, Silt, Gravelly Sand, and Fine
Sand, units are generally hydraulically interconnected;

o the Silt unit acts to semi-confine the underlying Fine Sand unit. The amount
of confining pressure present depends on the thickness and composition of the
Silt unit;

o the Silt unit is best described as a leaky confining unit based on the aquifer
tests,

o the Till unit is present across most of the Site and is characteristically low in
permeability;

e the overburden units are hydraulically connected to the Pawtuxet River

e groundwater in the shallow and deep overburden flows toward the river from

both the Production Area and Warwick Area sides;
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. the bedrock is semi-confined or confined across the Site based on its
potentiometric surface elevation which is higher that the surface elevation of
the bedrock;

o the bedrock is not believed to be hydraulically connected to elther the
overburden units or the Pawtuxet River;

o high bedrock surface elevations create higher hydraulic gradients, especially in
the shallow overburden. This is especially prominent in the Southern end of
the Waste Water Treatment Area;

. groundwater elevations are influenced primarily by recharge from precipitation
- a rapid response from precipitation is noted in the shallow overburden, the
deep overburden, and in the river;

o about twenty five percent of the rainfall may contribute to recharge;

o groundwater hydrochemistry is similar in both the deep and shallow
overburden in the Production Area indicating that the overburden aquifer
system behaves as an unconfined aquifer and receives significant recharge
from precipitation;

o there are minimal seasonal influences on groundwater elevations;

o hydraulic gradients between the shallow and deep overburden are
predominantly upward, with the exceptlon of wells near the bulkhead in the
Production Area;

o the bulkhead acts to reverse the vertical hydraulic gradient near it - this results
in groundwater flowing under the bulkhead and being forced toward the
Warwick Area bank of the river;

° groundwater discharges into the Pawtuxet River at estimated rates of 15,000
ft’/day each in the Production and Waste Water Treatment Areas, and 45,000
ft*/day in the Warwick Area;

o groundwater flow velocities range from 6 to 28 feet/day in the Sand/Fill and
Gravelly sand units and 0.6 to 38 feet/day in the Fine Sand unit;
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2.4 HYDROLOGY

. 2.4.1 Overview _ o o

A hydrologic investigation of the Pawtuxet River was conducted during Phases I and II of
the RFI. The purpose of the hydrologic investigation was to evaluate the physical and
_chemical characteristics of the river with respect to storage and transport of constituents of
contaminants. The methods used to complete the hydrologic investigation included a
literature review, flow characterization studies, evaluation of river bathymetry, measurement
of sediment physical characteristics and development of hydrodynamic and sediment
transport models for the river. Details on these investigatory methods and the results of the
" investigation will be provided in the Pawtuxet River RFI Report (to be submitted at a later
date). :
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Table 2-1 Purpose and Placement of Wells Installed During Phase IT

define stratigraphy of Production Area and hydrogeology
MW-358 Off-Site Background related to water entering the site
I define gravel unit boundaries and hydrogeology related to
_ vertical and horizontal extent of contamination
MW-4D Production Area | SWMU-11 downgradient of SWMU-11
define gravel unit boundaries and hydrogeology related to
MW-14D | Production Area | SWMU-11 |vertical and horizontal extent of SWMU-11 contamination
define hydrogeology of SW Production Area
MW-34S | Production Area | SWMU-11 . downgradient of SWMU-11
define stratigraphy of SW Production Area and

hydrogeology related to horizontal and vertical extent of
MW-34D | Production Area | SWMU-11 contamination from SWMU-11
define stratigraphy of Warwick Area and hydrogeology
MW-11D Warwick Area SWMU-5 related to vertical extent of contamination in SWMU-5
. define overburden stratigraphy in Warwick Area and
MW-26S Warwick Area SWMU-5 hydrogeology downgradient of SWMU-5
' define overburden stratigraphy in the Warwick Area and
MW-278 Warwick Area Background hydrogeology related to groundwater entering the site
define overburden stratigraphy in the Warwick Area and
MW-288 Warwick Area Background hydrogeology related to groundwater entering the site
' define overburden stratigraphy and hydrogeology
MW-328 Warwick Area | SWMU-16 downgradient of SWMU-16

: define overburden stratigraphy in Waste Water Treatment
MW-258 | W.W. Treatment| SWMU-12 Area and hydrogeology downgradient of SWMU-12

production well installed as part of Stabilization

RC-3 * Production Area |Production Well investigation and groundwater treatment system
. production well installed as part of Stabilization
RC-5 * Production Area |Production Well investigation and groundwater treatment system
' vapor extraction well installed as part of soil vapor
VE-4 * | Production Area | SWMU-11 extraction system
vapor extraction well installed as part of soil vapor
VE-5 * Production Area | SWMU-11 extraction system
vapor extraction well installed as part of soil vapor
VE-6 * Production Area | SWMU-11 extraction system
vapor extraction well installed as part of soil vapor
VE-7 * Production Area | SWMU-11 extraction system
vapor extraction well installed as part of soil vapor
VE-8 * Production Area { SWMU-11 extraction system
' vapor extraction well installed as part of soil vapor
VE-9 * Production Area | SWMU-11 ' extraction system
vapor extraction well installed as part of soil vapor
VE-10 * Production Area | SWMU-11 extraction system
Notes: *  wells installed as part of Stabilization Investigation - they have not

been previously reported and will appear as part of this report. -
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Table 2-2  Phase Il Boring* Locations and Depth

Boﬁnj ID. - (f installed in boring) - SWMU Location ‘Total Depth'(féet)
B-BGA MW-358 Background 18
B-BGB - Background 14
B-BGC MW-27S Background 18
B-BGD MW.-28S Background 16
BoE - - — " SWMU2 - |~ — 8 | -
B-2F - SWMU-2 8
B-2G - SWMU-2 8
B-3E - SWMU-3 8
B-3F - SWMU-3 8
B-3G -- SWMU-3 4
B-3H -- SWMU-3 8
B-31 -~ SWMU-3 14
B-5A - SWMU-§ 4
B-5B -- SWMU-§ - 4
B-5C -- SWMU-5 4
B-5D -- SWMU-§ 12
B-5E - SWMU-5 4
B-5F MW-26S SWMU-5 16
B-7D - SWMU-7 8
B-7E - SWMU-7 8
B-7F -- SWMU-7 8
B-7G -- SWMU-7 8
B-7TH - SWMU-7 8
B-8D . - SWMU-8 8
B-8E -- SWMU-8 6
B-8F - SWMU-8 8
B-8G - SWMU-§ 6

|B-8H -- SWMU-9 10
B-9A - SWMU-9 6
B-9B -- SWMU-9 6
B-10F -- SWMU-10 2
B-10G - . SWMU-10 2
B-10H - SWMU-10 2
B-12A -- SWMU-12 12
B-12B - SWMU-12 6
B-12C -- SWMU-12 6
B-12D - SWMU-12 6
B-12E MW-258 SWMU-12 17
B-13A - SWMU-13 8
B-16B : -- SWMU-16 6
B-16C - SWMU-16 6
B-16D -- SWMU-16 11
B-16E -- SWMU-16 13
B-DTI1 - Dowtherm 28
B-DT2 -~ Dowtherm 32
B-DT3 -- " Dowtherm 28
B-DT4 - Dowtherm - 28
B-DTS -- Dowtherm 28
Note: * This list contains borings advanced for the purpose of collecting

analytical soil samples, and does not include borings advanced for geologic
characterization and well placement, except where indicated.
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Table_ 2-3
Piezometer and Well Location and Construction Details

l l Monitoring Well/Piezometer Data
Well/ Piezometer Area Month/ Year of |- Radius of Bottom of Monitoring] Top of
Number Installation Riser Location Data Elevation Data Boring Data Zone Monitoring Zoné
Ground |Top of Riser| Bottom ' Length of Strata
Northing Easting Surface Pipe Depth | Elevation| Depth | Elevation| Depth | Elevation | Screen Monitored
EP-1 Production before 4/88 - 245031.39|  524120.01 21.64 22.90] 14.19(h) 7.45 — o — — -~ -—
EP-2 - Off-Site before 4/38 — -249529.36]  523682.09 23.05 24.52) 12.93 (h) 10.12 - - - - - -
EP-5 Warwick before 4/88 - 248882.06) 525340.61 12.52 15.84] 5.68 (h) 6.84 — — — — — —
EP-6 Warwick before 4/38 - 249162.41f  525281.88 10.17 11.04] 413 () 6.04 - - - — - -
EP-7 Warwick before 4/38 — 248686.32] 52496177 14.09 1445 S84 (h) 8.25 -~ - — - - -
EP-8A Off-Site before 4/88 — 249192.54|  523548.92 18.57 1991] 7.46 () 1111 - — - - - -
EP-8B Off-Site before 4/88 - 249280 () 523180 (i) 21.32 24411  6.91 (h) 14.41 — — — — - -
CURRENT ASSESSMENT SUMMARY REPORT .
P-1S Production 4/88 1-1/4" 248838.37}  523997.61 13.57 16.41 NA NA 10.00 3.57 7.00 6:57 3.00 Fill
P-1D Production 4/88 1-1/4" 248841.66]  523999.27 13.59 16.33 49.50 -35.91 43.00 -29.41 40.00 -26.41 3.00 UD
P-2S Production 4/88 1-1/4" 248685.97)  523887.35 12.70 13.85 NA NA 11.00 1.70 8.00 4.70 3.00 Fill
P-3S Production 4/88 1-1/4° 248942.37]  524128.06 14.30 15.45 NA NA 11.50 2.80 8.50 5.80 3.00) - Fill
P-4S Production 4/88 1-1/4" 249042.14]  523768.11 18.97 19.92 NA NA 18.00 0.97 15.00 3:97 3.00 UD
P-58 Production 4/88 1-1/4" 249030.591  523912.45 18.43 21.18 NA NA 16.00 2431 13.00 5.43 3.00 UD
P-6S Production 4/88 1-1/4" 249111.64]  524015.45 21.53 23.62 NA NA 18.00 3.53 15.00 6.53 3.00 UD
P-6M Production 4/88 1-1/4" 249091.36]  524013.09 21.28 21.80 NA NA 40.00 -18.72 37.00 -15.72 3.00 UD_
P-7S-A W. Water 4/38 1-1/4" 249327.86]  525323.32 14.73 16.26 NA NA 9.00 573 6.00 8.73 3.00 UD
P-75-B W. Water 4/88 1-1/4" 249339.03]  525320.60 14.63 15.68 NA NA 14.00 0.63 11.00 3.63 3.00 UD
P-8S W. Water 4/38 1-1/4" 249180.78]  524849.59 15.04 16.21 NA NA 11.50 3.54 8.50 6154 3.00 UD
P-9S W. Water 4/38 1-1/4" 249434.49]  524997.15 14.88 16.10 NA{. NA 12.00 2.88 9.00 5.88 3.00 9)0)
P-118 W. Water 4/88 1-1/4" 249627.05|  525025.11 14.50 17.95 NA NA 10.00 4.50 7.00 .1.50 3.00 NE b
P-128-A W. Water 4/38 1-1/4" 249371.03]  524763.23 14.21 15.29 NA NA 12.00 221 9.00 5.21 3.00 NE
P-12S-B W. Water 4/38 1-14" 249372.42{  524766.81 14.21 1532 NA NA 15.00 £0.79 12.00 221 3.00 NE
P-10S Warwick 4/88 1-1/4" 249083.97| 524985.17 12.50 14.05 NA| NA 12.00 0.50 9.00 3.50 3.00 UD
P-13S Production 4/38 1-1/4" 249521.49f  523773.93 23.82 26.99 NA NA 14.00 9.82 11.00 12.82 3.00 NE
P-14S Production 4/88 1-1/4" 249789.33]  523852.83 2374 24.18 NA NA 13.00 10.74 10.00 13.74 3.00 UD
P-14D Production 4/88 1-1/4" 249786.61] 523846.62 23.68 23.95, 58.50 -34.82]  50.00 -26.32 47.00 -23.32 3.00 Till
MW-1S Production 5/38 : 4" 248849.44|  523990.88 13.14 15.04 NA NA 13.00 0.14 3.00 10.14 10.00 Fill
MW-1D Production 5/88 4" 248852.28]  523985.86 13.93 16.28 50.00 -36.07 48.00 -34.07 38.00 -24.07 10.00 UD
MW-2S Production 5/88 4" 248697.91]  523904.81 12.56 14.46 20.00 -7.44 18.00 -5.44 8.00 4.56 10.00 Fill
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Table 2-3 .
Piezometer and Well Location and Construction Details

l ] Monitoring Well/Piezometer Data
Well/ Piezometer Area Month/ Year of] Radius of Bottom of Monitorlngl Top of
Number Installation Riser Location Data Elevation Data Boring Data Zone Monitoring Zone
Ground |[Top of Riser| Bottom | - Length of Strata
Northing | Easting Surface Pipe Depth | Elevation Depth | Elevation| Depth | Elevation| Screen Monitored
MW-38 Production 5/38 4" 248937.06 524119.09 14.57 16.61 20.00 -5.43 18.00 -3.43 8.00 6.57 10.00] UD/Fill
MW-4S Production 5/88 4" 249005.42 523860.29 18.40 21.29 19.00 -0.60 16.00 2.40 6.00 12.40 10.00f UD/Fill
MW-78 W. Water 5/88 4" 249307.92 525182.07 13.00 15.25 NA NA, 18.00 -5.00 8.00 5.00 10.00 NE
MW-88 W. Water 5/88 4" 249217.26]  524936.35 15.13 17.57 30.00 -14.87 15.50 -0.37 5.50 9.63 10.00} UD/Fill
MW-98 W. Water 5/88 4° 249576.85]  524963.95 15.50 17.91 34.00 -18.50 13.00 2.50 3.00 12.50 10.00] UD/Fill
MW-6S Warwick 5/88 4" 248995.70]  525283.37 11.91 14.04 30.00 -18.09 13.50 -1.59 3.50 -8.41 10.00 UD
MW-5S Production 5/88 4" 249788.80, 523849.90 23.82 26.17 18.00 5.82 16.00 7.82 6.00 17.82 10.00 UD
PHASE IA REPORT
P-19D -W. Water 7/90 1-1/4" 249349.16 525315.77 13.70 17.21 28.10 -14.40 28.10 -14.40 25.10 -11.40 3.00 UD
P-18D Warwick 7/90 1-1/4" 248993.61 525312.07 1141 13.27 NA NA 66.00 -54.59 63.00 -51.59 3.00 UD
P-158 - Warwick 7/90 1-1/4" 248665.87 524090.11 13.95 15.69 NA NA 15.50 -1.55 12.50 i1.45 3.00 UD
P-16S Warwick 7/90 1-1/8" 248392.01]  524030.95 14.26 16.29 NA NA 15.50 -1.24 12.50 1.76 3.00 UD
P-178 Warwick 7/90 1-1/4° 248521.88] 524237.36 15.28 17.07 NA NA 14.50 0.78 11.50 3.78 300) .UD
P-218 Warwick 7/90 1-1/4" 248901.93]  524435.27 15.19 16.96 NA NA 17.00 -1.81 14.00 1.19 3.00 UD
P-21D Warwick 7/90 1-1/4" 248907.61]  524443.58 14.04 15.75 42.00 -27.96 37.00 -22.96 34.00 -19.96 3.00 UD
P-228 Warwick 7/90 1-1/4" 248494.29 524718.20 16.53 18.75 NA NA 15.50 1.03 12.50 4.03 3.00 UD
P-22D Warwick 7/90 1-1/4" 248485.76]  524729.56 16.60 17.57 58.50 -41.90 58.00 -41.40 55.00 -38.40 3.00 UD
P-20S Off-Site 7/90 1-1/4" 249046.23 524252.46 24.60 24.02 NA NA 22.00 2.60 19.00 5.60 3.00 UD
P-20D Off-Site 7/90 1-1/4" 249044.49]  524256.97 24.61 24.30 NA NA 26.00 -1.39 23.00 1.61 3.00 UD
RW-1 Production 8/90 4" 248864.87]  523989.83 14.94 16.52 59.70 -44.76 91.00 -76.06 81.00f ".66.06 10.00 BR
RW-2 W. Water 8/90 4" 249219.69 524915.59 14.87 18.05 50.00 -35.13] - 70.00 -55.13 60.00 -45.13 10.00 BR
RW-3 Warwick 8/90 4" 2489%0.60 525291.75 11.87 13.49 60.00 -48.13 82.00 -70.13 72.00 -60.13 10.00 BR
RW-4 Off-Site ] 8/90, 4" 2459039.74]  524255.17 2408 - 2379 33.50 9.42 50.00 -25.92 40.00] ~ -15.92 10.00 BR
PHASE IB (INTERIM REPORT) -1 ! .
MW-128 Production 11/90 4" 249087.90]  523928.71 19.80 22.54 NA NA 16.00 3.80 6.00 13.80 10.00 UD
MW-12D Production | - 11/90 i 4" 249081.89]  523930.27 19.80 .21.23 48.00 -28.20 43.50 -23.70 33.50 -13.70 10.00 UD
MW-138 " Production 11/90 4" 248966.55|  524005.73 16.00 18.44 17.00 -1.00 14.75 1.25 4.75 12.25 10.00 UD
MW-158 W. Water 11/90 4" 249406.35|  525019.27 14.70 16.65] - NA - NA 16.00 -1.30 6.00 9.30 10.00 UD
MW-15D W. Water _11/90 4" 249403.41}  525025.82 14.90 16.99 48.50 -33.60] ~ 43.00 -28.10 33.00 -18.10 10.00 UD
MW-11S Warwick 11/90 4" 249030.13{  525295.39 11.60 13.67 16.00 -4.40 13.00 -1.40 3.00 9.40 10.00 UD
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Table 2-3 .
Piezometer and Well Location and Construction Details

] . I Monitoring Well/Piezometer Data
Well/ Piezometer Area Month/ Year of| Radius of ' Bottom of Monitoring] Top of
Number Installation Riser Location Data Elevation Data Boring Data Zone Monitoring Zone
Ground |Top of Riser Bottom Length of Strata
. Northing Easting Surface Pipe Depth | Elevation] Depth { Elevation| Depth | Elevation| Screen Monitored
MW-168 Production 11/90 4" 249664.36]  523928.62 24.10 26.00 NA NA 18.08 6.02 8.08 16.02 10.00 UD
MW-16D Production 11/90 4" 249661.68]  523925.51 2430 26.44 48.00 -23.70 38.17 -13.87 28.17 -3.87 10.00 UD
MW-178 Warwick 11/90 4" 246619.28]  524630.57 15.60 16.75 NA NA 13.67 1.93 3.67 11.93 10.00 UD
MW-17D Warwick 11/90 4" 248612.22] 524625.72 15.30 17.29 89.00 -73.70 85.08 -69.78 ‘75.08 -59.78 10.00 UD
MW-18S Off-Site 1150 4" 249812.29]  524916.42 35.70 35.28 NA NA 25.00 10.70 15.00 20.70 10.00 UD
MW-19S Off-Site 1150 4" 249177.41]  524468.03 29.70 29.17 NA NA 20.67 9.03 10.67 19.03 10.00 UD
MW-108 Production 12/90 ) 4" 249130.69]  523867.42 20.30 22.62 NA NA 18.00 2.30 8.00 12.30 10.00 UD
MW-10D Production 12/90 4" 249131.66]  523871.25 20.30 21.61 48.00 -25.70 43.50 -23.20 33.50 -13.20 10.00 UD
MW-148 Production 12/90 4" 248988.21]  523777.71 18.90 21.39 19.50 0.60 16.17 273 6.17 12.73 10.00 UD
P-25D W. Water 1290 1-1/4" 249367.92] 524768.73 14.20 16.93 71.50 -57.30 66.00 -51.80 63.00 -48.80 3.00 UD
P-26S Warwick 12/90 1-1/4" 248442.06]  524263.05 15.30 17.29) NA NA 14.50 0.80 11.50 3.80 3.00}. UD
P-26D Warwick 12/90 1-1/4" 248444.97]  524267.10 15.20 17.59 56.00 -40.80 41.00 -25.80 38.00 -22.80 3.00 uUD
P-27D Warwick 12/90 1-1/4"]  248659.16]  524088.49 14.00 15.76 52.50 -38.50 43.00 -29.00 40.00 -26.00 3.00 UD
P-23D Off-Site 12/90 1-1/4" 249814.28 524920:26 35.70 35.42 90.50 -54.80 87.00 -51.30 84.00 -48.30 3.00 UD
P-24D Off-Site 12/90 1-1/4" 249182.03 524467.11 29.80 29.43 44.17 -14.37 39.00 -9.20 36.00 -6.20 3.00 - UD b
STABILIZATION INVESTIGATION|
P-2D Production ) 6/92 1-1/4" 248705.76 523891.36 12.96 16.00 52.00 -39.04] - 49.00 -36.04 46.00 -33.04 3.00 UD R
P-13D Production 6/92 1-1/4" 248963.34]  523999.55 15.67 18.85 40.00 -24.33 38.00 -22.33 35.00 -19.33 3.00 UD
P-30D Production 6/92 1-1/4" 248832.56]  524015.55 (c) 16.43 48.24 -31.81 47.24 -30.81 44.24 -27.81 3.00 UD
P-328 Production 6/92 1-1/4" 248894.28 524019.10 13.98 17.02 NA NA 14.00 -0.02 11.00 2.98 3.00 UD
P-32D Production 6/92 1-1/4" 248888.63|  524022.99 13.91 17.10 41.50 -27.59 39.00] ©  -25.09 36.00 -22.09 3.00 UD
P-338 Production 6/92 1-1/4" 248773.13]  523913.84 14.35 17.74 NA NA 15.00 -0.65 12.00 235 3.00 UD
P-33D Production 6/92 1-1/4" 248771.80}  523919.57 13.93 16.99 56.00 -42.07 51.00 -37.07 48.00 -34.07 3.00 UD
MW-208 Production 6/92 4" 249135.33]  523746.39 18.83 21.94 19.00 0.17 16.00 2.83 6.00 12.83 1000} . UD ,
MW-218 Production . 6/92 4" 248833.96]  523754.94 15.82 15.42 19.00 -3.18 16.00 -0.18 600 = 982 10.00 UD
MW-228 Production 6/92 4" 248691.83]  523774.24 13.94 16.87 18.00 -4.06 15.00 -1.06 5.00 8.94 10.00 UD
MW-238 Production 6/92 4" 249000.25]  524116.10 21.10 20.71 23.00 -1.90 20.00 1.10 10.00 11.10 10.00 UD
MW-248 Production 6/92 4" 249119.76]  523973.00 21.59 21.04 21.00 0.59 18.00 3.59 8.00 13.59 10.00 UD
MW-29S Production 6/92 2 248856.36]  524044.90 (c) 16.66 NA| NA 32.60 -15.94 27.60 -10.94 5.00 UD
MW-29D Production 6/92 2" 248853.29]  524047.94 () 16.59 NA NA 44.00 -27.41 34.00 -17.41 10.00 UD
MW-30S Production . 6/92 2" 248829.79]  524018.83 () 16.70 NA NA 35.00 -18.30 30.00! -13.30 5.00 UD
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Table 2-3 : -
Piezometer ana Well Location and Construction Details

I ' Monitoring Well/Piezometer Data
Well/ Piezometer Area Month/ Year of{ Radius of . Bottom of Monitoring Top of
Number Installation Riser Location Data Elevation Data Boring Data Zone Monitoring Zoné
. ’ . Ground |Top of Riser Bottom : Length of Strata
Northing Easting Surface Pipe Depth | Elevation| Depth | Elevation| Depth | Elevation | Screen Monitored
MW-30D Production 6/92 2" 248827.11 524022.12 (©) 16.67 NA NA 46.00 -29.33 36.00 -19.33 10.00 UD
RC-1 - Production - 6/92 6" 248901.46]  524014.25 14.48 16.33 43 (g) NA 38.00 -23.52 8.00 6.48 30.00 UD
RC-2 . Production 6/92 [ 248776.43 523907.29 14.57 16.85 53 (@ NA 51.00 -36.43 23.00 -8.43 28.00 UD
MW-5SA Production 6/92 3" 249790.17]  523856.74 23.75 26.85 NA NA 16.00 7.75 6.00 17.75 10.00 NE
MW-318 Production 7/92 2" 248733.93]  523948.45 (c) 16.27 NA NA 25.50 -9.23 20.50 -4:23 5.00 UD .
MW-31D Production 7/92 2" 248731.30]  523952.59 () 16.21 NA NA 46.00 -29.79 36.00 -19.79 10.00 UD
P-29D Production 7/92 1-1/4"] - 248859.48]  524041.69 (c) 16.51 43.82 -27.31 41.82 -25.31 38.82 -22.31 3.00 UD
P-31D Production 7/92 1-1/4* 248736.09]  523945.12 (c) 16.45 55.00 -38.55 52.70 -36.25 49.70 -33.25 3.00 UD
VE-1 Production 7/92 2" 249017.03 523805.75 19.36 21.80 NA| NA 19.50 -0.14 4.50 14.86 15.00 NE
VE-2 Production 7/92 4" 248997.04]  523810.46 19.20 21.59 NA NA 19.50] - -0.30 4.50 14:70 15.00 NE
VE-3 Production 7/92 2" 248969.25|  523817.54 18.75 21.14 NA NA -0.75 4.50 4.50 14.25 19.50 NE
P-34S Production 11/92 2" 248794.77]  523896.38 14.90} 17.15 NA NA 15.55 -0.65 10.55 4.35 5.00 NE
P-35S Production 11/92 2" 248746.34]  523937.41 13.10, 15.32 NA NA 14.98 -1.88 9.98 3.12 5.00 NE
P-36S Production | . 11/92 2" 248800.73]  523974.56 13.50 15.91 NA NA 15.59 -2.09 10.59 291 5.00 NE
P-37S Production 11/92 2" 248869.38|  524032.30 13.60 15.69 NA NA 14.71 -1.11 9.71 3.89 5.00 NE
P-385 Production 11/92 2" 248913.77|  524085.78 13.87 16.19 NA NA 15.73 -1.83 10.73 317 5.00 NE
RC-3 * Production 7/93 6" 248875.72]  524022.10 14.00 15.72 42.00 -28.00 30.00 -16.00 15.00 -1.00 15.00 UD
RC-5* Production 7/93 6" 248715.22|  523892.45 12.90 14.25 52.00 -39.10 40 () -27.10 10.00 2.90 15.00 UD
VE4 * - Production 7/93 4" 249027.43]  523752.48 18.40 19.44 NA NA 20.00 -1.60 5.00 13.40 15.00 NE
VE-5 * Production 7/93 4" 248985.75]  523754.07 18.70 19.62 NA NA 20.00 -1.30 5.00 13.70 15.00 NE
VE-6* Production 7/93 4* 248940.42 523757.43 17.50 18.50 NA NA 20.00 -2.50 5.00 12.50 15.00 NE
VE-7 * Production 7/93 4" 248833.94] 523760.95] - 15.80 16.97 NA NA 20.00 4.10 5.00 1080 15.00 NE
VE8 * Production 7193 4" 248924.72|  523802.75 16.90 18.11 NA NA 20.00 -3.10 5.00 11:90 15.00 NE
VE-9 * Production m3| 4" 248967.87|  523790.53 18.60 19.60 NA NA 20.00 -1.40 5.00 13:60 15.00 NE
VE-10 * Production 7/93 4" 249002.68]  523775.88 19.10 20.08 NA NA 20.00 -0.90 5.00 14.10 15.00 NE
PHASE I INVESTIGATION : :
MW-25S W. Water 7/93 4" 249355.27}  525044.36 14.80 16.93 17.00 -2.20 16.00 -1.20 6.00 8.80 10.00 UD
MW-11D ‘Warwick 7/93 4" 249026.32  525296.38 11.50 14.03 62.00 -50.50 58.00 46.50 48.00 -36.50 10.00 UD
MW-26S Warwick 7/93 4" 249117.57]  525264.04 11.70 14.15 16.00 -4.30 14.00 -2.30 4.00 7.70 10.00 UD
MW-328 Warwick 7/93 4° 248660.10]  524620.01 15.30 17.78 16.00 -0.70 15.00 0.30 5.00 10.30 10.00 UD
MW-28S Warwick 7193 4" 248387.92|  524971.47 14.70 17.27 16 (8) -1.30 14.00 0.70 4.00 10.70 10.00 NE
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Table2-3
Piezometer miil'Wel_l Location and C_onstruction Details

] [ Monitoring Well/Piezometer Data
Well/ Piezometer Area Month/ Year of| Radius of : Bottom of Monitoring Top of
Number Installation Riser Location Data Elevation Data Boring Data Zone Monitoring Zone
Ground |Top of Riser Bottom Length of Strata
Northing Easting Surface Pipe Depth | Elevation| Depth | Elevation| Depth | Elevation| Screen Monitored
MW-27S Warwick 7/93 4" 248456.82 524639.45 15.50 17.81 18.00] . -2.50 15.00 0.50 5.00 10.50 10.00 UD
MW-355 Off-Site 7/93 4" 249733.64 523627.46 22.60 ©25.58 18.00 4.60 17.00 5.60 7.00 15.60 10.00 UD
MW-4D Production - 8/93 4" 249005.60 523867.27 18.20 20.52 54.00 -35.80 48.00 -29.80 38.00 -19.80 10.00] UD
MW-14D Production 8/93 4" 248985.61 52377230 18.90 21.36 50.00 -31.10 47.00 -28.10 37.00 -18.10 10.00 UD
MW-34D Production |- 8793 4" 248853.27 523848.14 16.60/ 19.02 56.00, -39.40 48.00 -31.40 38.00 -21.40 10.00 UD
MW-343 Production 8/93 4" 248854.76 523842.93 16.40 18.85] NA (b) NA 19.50 -0.65 9.50 9.35 10.00 UD
Notes: Wells are grouped by reports in which their boring logs are provided.

* These wells were installed as part of the Stabilization Investigation. They have not been previously reported and will appear as part of this reprt.
NA Boring log not generated. See nested deep well for boring information.
1) Elevations and depths are reported in feet; elevations are referenced to Mean Sea Level.
2) — = Information Not Available
3) UD = Unconsolidated Deposits
4) BR = Bedrock
5) NE = Not Evaluated
. 6) Elevation data based on surveys by Waterman Engincering Co. of East Providence, RI,

Louis Federici Associates of Providence, RI, and Woodward-Clyde Consultants of Wayne, NJ. . . . -
a) The boring log for MW-28S is unavailable. ) -
b) MW-348 does not have boring log information - seo MW-34D.
¢) These piczometers and monitoring wells are constructed in the river and have no ground surface elevation.
d) MW-18S has a permanent cap over the collar. . Sl
¢) MW-5$ has been sealod and was replaced by MW-5SA. : ’ — E
f) RC-5 has 2 monitoring zones 1) 10-15 feet below ground surface, and; 2) 30-40 feet below ground surface. . .-
g8) RC-1 and RC-2 do not have boring log<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>